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ALGEBRA IN THE HIGH SCHOOL. 


By H. L. Terry, 
High School Inspector, Madison, Wis. 


Of all the high school course, perhaps no study is more vague 
in the mind of the student after he has completed it as to its 
purpose and results than is algebra. He may have worked faith- 
fully, have acquired a fair degree of facility in performing the 
various mechanical operations, have become able to solve a fair 
number of problems, and he may even have a more or less 
definite understanding of some of the demonstrations of the 
principles involved; but it is probable that the general answer 
to the why of it all would be that by means of algebra certain 
problems (the most of them not practical) can be solved more 
easily than by arithmetic, or that a certain something classed as 
mental discipline has been secured. The work has been in the 
main purposeless and the pupil has done it merely because it 
has been assigned as a daily task, a part of a grind to be passed 
through in the hope that somehow, sometime in the future a 
value may appear. 

This is wrong. Any work to be of educational value in any 
wide sense must be intelligent and must have a purpose in view. 
A pupil working an example in simplification of radicals with 
no understanding of why he is doing it except to get an answer 
is educationally on about the same plane as a dog which is being 
taught a new trick; to each the task is isolated and unrelated to 
anything else. One of the great reasons of the value of manual 
training is that back of every cut of the chisel or stroke of the 
hammer there is a definite purpose; the completed object with 
all its parts in their proper places is kept in mind. While the 
pupil realizes that he may never be called upon to do this work 
after he leaves school, and, in fact, he may be certain that his 
chosen occupation will be along quite different lines, he still 
is at no loss for a reason why he is doing what he is at present. 
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The same holds true in regard to commercial and other studies 
of a so-called practical nature; the student knows what they are 
for and he can tell what they will do for him if he masters them 
as he should. 

While we may never be able to secure the clear definiteness 
of purpose in academic subjects which we can in manual training, 
yet there is certainly room for great improvement in this direc- 
tion in our teaching. It may not always be necessary or even 
possible for the pupil to comprehend the broad general results, 
but any study worthy of a place in the high school course should 
have what may be called secondary purposes which will answer 
his question, “What is the use of this?” It may be of little use 
to explain to him that the great value of algebra lies in the 
mental ability which is developed in reasoning with sets of re- 
lated facts, forming judgments and through mathematical opera- 
tions arriving at definite results, but there are values which 
should appeal to the average pupil and which should be carefully 
kept before him from the time he begins until he completes the 
subject. As in the case of manual training, these may not be 
of any direct use to him after he leaves school, but they at least 
give a reason for the place of the study in the course he is 
required to take. A beginning of emphasis is made upon a few 
such values in some of the newer texts, but generally with such 
an indefinite and incomplete statement of just what is meant, and 
with so little illustrative matter that little headway is being made. 


TRANSLATION IN ALGEBRA. 


One value which should appeal to nearly all is the opportunity 
which algebra gives for translation, and this translation is neces- 
sary for the most successful work. At least one of the new 
books has recognized this by its introduction with its other exer- 
cises of the requirement to translate algebraic expressions into 
English. I find very little of this being done in actual practice. 
There appears to be a general misunderstanding of what is 
meant. 

Algebra language is a universal language understood by 
students in other nations as well as our own, and a translation 
of an algebraic expression into English means just what a trans- 
lation from Latin or German into English means, the statement 
of the meaning in clear idiomatic English. The pupil should be 
able to do this translating of the simpler expressions, and he 
should be brought clearly to understand that there is a definite 
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meaning back of even the most complicated algebraic expressions. 

A few examples will illustrate what I mean. 

2a"b — 36° 

26 
about as follows: Three times b times b times b is to be taken 
from two times a times a times b and the result is to be divided 
by two times b; from this answer two times b is to be subtracted 
and a times b is to be added to this difference. A translation 
should also be made with values assigned to a and b. In begin- 
ning this work it is not best to allow even the use of the words 
“plus” and “minus”; like other algebraic symbols these should 
be translated into English. In algebra we are trained to think 
in symbols and letters rather than in long involved English 
expressions, and after a little practice we find it much easier to 
do this. Thus the product ry may, aside from the mere state- 
ment + times y, have many meanings; it may represent the cost 
of nineteen dozen eggs at twenty-seven cents a dozen, or it may 
be the distance an automobile will travel in nine hours at seven- 
teen miles an hour. As long as I am thinking of eggs and their 
cost, a will represent to me the number of dozen, b the cost per 
dozen, and ab the cost of the whole. In a similar manner abc 
may mean to me a concrete problem having three factors. A 
clear understanding of this value of algebra and of the great 
advantage which it gives us in thinking from the very first day 
the subject is taken would help wonderfully in enabling pupils 
to work more intelligently and appreciatingly. 

The simultaneous equations 64-+5y—=28 and 4r-+y=14 form 
a compound sentence in algebra, and the meaning is that: There 
are two such numbers that if six times the first be added to five 
times the second the result will be twenty-eight, and if four 
times the first be added to the second the result will be fourteen. 

After some of this work has been done it is interesting to note 
the surprise of the pupils to find that a considerable amount of 
just this has been done by the author in the statement of problems 
and in translations such as that of the divisibility of certain 
binomials. 

It should be noticed, too, that the first step in dealing with 
problems is the translation of English into algebra, a process 
corresponding to Latin or German composition. I remember 
with especial satisfaction the work of a class which was attacking 
problems producing simultaneous equations with the definite 
understanding that they were translating step by step not only 


The expression —2b+ab translated might read 
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the English into algebra, but in case of error the algebra back 
into English to compare with the original. 

The value of all this is evident. Not only does it give life 
and vitality to algebra by giving meaning to what has been too 
often meaningless, but it is excellent work in one line of English 
composition. In my judgment no study in the high school gives 
better opportunity for training in clear, accurate expression of 
definite thought, of saying just what is meant, no more, no less, 
than does algebra; translation can be tested, its truth determined 
by the pupil and the class and the speaker held responsible for 
his statements. 

This work should be carried on from the very first. The idea 
so general among beginners that when the study-of algebra is 
begun they have entered upon a new field of which they know 
almost nothing should be carefully guarded against; and while 
the meaning of some operations had better be taken upon faith, 
the faith should be fortified by an understanding of many other 
operations ftilly within the ability of the pupil through applica- 
tions of what he already knows. Certainly he can understand 
that 3a means three times a; that 3a—2b means that two times b 
is to be subtracted from three times a; and that san 26 means 
that two times b is to be subtracted from three times a and the 
result is to be divided by two times a; and finally that if in the 
last expression a represents seven and b five, the meaning is 
that two times five is to be subtracted from three times seven 
and the result divided by two times seven. This is something 
very different from merely checking up or proving by the sub- 
stitution in the equation of the values of the unknown quantity, 
a good exercise, but one which is often deceptive as a test for 
the real understanding by the pupil of what he has done. 

If I seem to be emphasizing too simple a matter it is because 
of the prevailing ignorance which I find existing among pupils 
in this and other respects which are fundamental to intelligent 
work. Even much of the blindness in regard to positive and 
negative quantities is needless and may be charged to lack of 


skill on the part of the teacher. 
ALGEBRA AS A SIMPLIFYING INSTRUMENT. 


Another value of algebra which even first year pupils can be 
made to appreciate is that of its use as a great simplifying mathe- 
matical instrument. I have often asked classes to find for me 
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the value of an expression such as 2\/5a2b* if a=7 and b=5, or 
of 5\/150—-3\/24. The number of pupils who simplify before 
making the substitution or working out the necessary arithmeti- 
cal operation is humiliatingly small. Comparatively few have 
ever grasped the idea that algebra has any real use in shortening 
the amount of work. I remember one instance in which a class 
had just simplified \/50 into 5\/2. I asked if this meant that 
if | wanted to find the square root of 50 | might find the square 
root of 2 and multiply it by 5. All agreed that this was not 
the meaning, and that I could not get the square root of 50 in 
that way. 

1 am afraid that I am entirely safe in saying that if values 
are given to the letters in an example in division of polynomials 
and the exact value of the dividend divided by the divisor is 
called for, that nearly all teachers will find that the great majority 
of their pupils will make substitution without first dividing. 
This can have but one meaning: that this great value of algebra 
has entirely escaped comprehension. There is certainly nothing 
so abstruse in this that it cannot be understood from the time of 
the simplifying by the removal of parentheses so commonly given 
in the first pages, to the end of the course, and its thorough 
appreciation will help answer the question, “What is algebra 
good for?” 

ALGERRA AS AN INSTRUMENT OF GENERALIZATION. 

Although considerable attention is given by texts and teachers 
to verification by substitution and to the few common generaliza- 
tions such as the statements of divisibility of binomials and the 
common theorems of multiplication, extended tests show very 
little appreciation by pupils of the great value of algebra as a 
generalizing mathematical instrument. The fact that in such 
expressions as (2%+y)y=2ry+y* or (154#*—I1l1—I4)+ 
(34+2)—51*—7, «+ may be any number and y any other number 
and that general statements may be made which are true for 
any values of x and y, has not at all appealed to the student; in 
other words, the work in algebra has been formal and meaning- 
iess instead of alive and purposeful in this respect. 

Here again translation into English plays an important and 
necessary part. Mere substitution of values is not sufficient. 
The translation of the first of the above expressions would be 
about as follows: If two times any number be added to any 
other number, and the sum be multiplied by the second number, 
the result will be twice the product of the two numbers added 
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to the square of the second. The second expression means: 
Tf from fifteen times the square of any number eleven times the 
number and fourteen be subtracted, the result divided by two 
more than three times the number will always be seven less than 
five times the number. Of course, such translations should be 
accompanied by abundant verification with numbers. 

This idea of generalization in connection with identical equa- 
tions should be kept prominent throughout the study. The pupil 
should be made to thoroughly comprehend that there are ideas 
back of the different expressions and operations of algebra; that 
the answers to the exercises in least common multiple and great- 
est common divisor, the demonstrations of principles as well as 
the work in problems dealing with literal quantities have a defin- 
ite meaning capable of expression in English which can be under- 
stood by people who have studied only arithmetic. It is easily 
possible to carry this beyond the ability of the pupil, though I 
believe that the average first year student may even be made to 
see the meaning of the known and unknown quantities in such 
equations as ax+ba—=c, and that an understanding of what is 
meant by known and unknown numbers, and of the varying 
values of + may be reached much better through translation than 
by means of graphs. 

Algebra should be taught as a tool for constant use in mathe- 
matical operations. The thorough appreciation of its great value 
as a simplifying and generalizing instrument, and of the advan- 
tage given by the ability to think in letters and symbols rather 
than in involved English expressions, together with a mastery 
of its universal language, will do much toward placing at least 
one academic study upon the same basis as manual training, com- 
mercial and other studies which are so successful largely because 
there is always in view a definite purpose, an end to be reached. 
At the same time every formal value usually assigned to algebra 
will be incidentally reached just as the pedagogical thought of 
the teacher of manual training is worked out while the boy 
knows or thinks of nothing beyond the chair or the table which 
he clearly images as he works and which gives him the purpose 
which lies back of every stroke of the chisel and saw. 

The obscurity, vagueness and mystery which now, as shown 
by many tests, exist in the minds of the majority of even the 
best of students can be largely avoided, and algebra can be made, 
instead of one of the most indefinite and uninspiring of studies, 
one which is alive with meaning and purpose. 
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A STUDY IN EFFICIENCY. 


By Ernest W. PoNnzer, 
Leland Stanford Junior University. 


One of the most important and far-reaching questions in the 
realm of engineering practice is that of efficiency. All machines 
are designed to have their efficiencies as high as possible, the 
goal to be striven for being that synonym for perpetual motion, 
an efficiency of one. That this cannot be attained is well known; 
nevertheless every machine is designed to work as near to this 
ideal efficiency as possible. 

Two general principles applicable to a single machine or 
group of machines are expressed in the following equations: 

Wr,=WpytF. 
p= We 
Wr 
If W, be eliminated the relation between W,, and E becomes 
Wy =EW,y + EF, 





Efficiency Curve 
FE} = W=Wyt F 
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W, =Total Work 
W, = Useful Work 
F = Friction 
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an hyperbola when plotted as shown in the accompanying figure, 
in which the symbols used are also explained. Let us make a 
study of this relation and apply the bit of philosophy it contains 
to our class room practice and affairs of everyday life. 

It will be seen that the factor F, constant, or nearly so, for a 
machine working under the same conditions, should be made 
as small as possible in order to obtain a high efficiency. That 
this is recognized in the engineering field is evidenced by the 
fact that in modern practice manufacturing plants are designed 
with a minimum of line shafting and accompanying belts, all 
tending to increase this friction factor. Instead there are in- 
stalled electric motors with efficiencies approximating the one 
striven for, separately connected with the machines, or units of 
machines. 

Let us make the application to the class room. Certainly any 
influence serving as a drag or constant source of friction, which 
must be overcome before useful work can be done, should be 
eliminated. Every student has a right to work in well-lighted 
and ventilated rooms; to find in them ample equipment and an 
optimistic instructor; and, on his part, to present himself with 
a clear head and a proper appreciation of the value of what he 
is doing. This friction factor in engineering lines has been 
known to become so excessive that the machine has been put 
entirely out of commission; in the class room a lack of any or 
all of the above, coupled with a violent attack of spring fever, 
has broken up many a class. It is absolutely essential that this 
friction factor be reduced to a minimum. 

Let us further investigate how the efficiency increases with 
the useful work as an output. It will be seen from the figure, 
since we are interested mainly in that portion of the curve to 


' the right of the E axis, that the efficiency of a machine or plant 


increases with the output of useful work. To obtain the max- 
imum efficiency it is essential that a machine be worked to its 
limit (we have lately learned to use high speed tool steel) ; like- 
wise that a plant have all its machines doing efficient work. 
When the whistle blows and the wheels begin to turn, the efficient 
superintendent wants to have all his men at work, each getting 
results, and the man who is late should be “docked,” not only be- 
cause he himself is not producing, but also because he is by that 
action decreasing the efficiency of the whole plant. Likewise 
when the whistle blows on the other end it is highly desirable 
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that all stop work simultaneously, thus eliminating the friction 
factor. 

How clearly all this is applicable to the class room. Work 
should begin with the tap of the bell and close on the same. 
A few tardy students may utterly destroy for the time being the 
efficiency of the whole class; on the other hand, an instructor 
tardy in closing his work with the tap of the bell is likewise 
developing at that time a low efficiency because the useful work 
is tending toward a minimum. Every student should participate 
in a discussion, or be listening to a demonstration by either the 
student or instructor. A full and high efficiency is not obtained 
short of this team work, and it is up to the instructor to insist 
that all should work efficiently throughout the hour. The desir- 
ability of well-regulated study periods, such that the student is 
doing real work while busy, and vacation periods in which the 
student should loaf with equal efficiency, is also plainly pointed 
out here. Whatever is worth doing is worth doing well and in 
the shortest time consistent with good work. In the engineering 
world the man who has grasped the fundamental principles of 
efficient work, and has the ability to keep the efficiency of a 
body of workmen high, is called 2 good manager, and is well 
paid because he is a rare man. In the class room that instructor 
is the most efficient who also recognizes these same principles 
and applies them intelligently, thus creating a maximum of use- 
ful work, at the same time attaining a high efficiency. And the 
students all this time form a unit of thinking machines of high 
grade. 


The rains of last November in Jamaica were among the most remarkable 
ever recorded in any part of the world. Official returns at hand show that 
the maximum rainfall occurred at mountain stations in the eastern part 
of the island, viz., 135 inches in 8 days at Silver Hill, with a maximum 
daily fall of 30.50 inches on the 6th, and 120.87 inches in 16 days at 
Farm Hill. These figures are comparable with the famous downpours at 
Cherrapunji, India, where 41 inches have been measured in a day and 114 
inches in five days. The Jamaica rains caused disastrous floods and land- 
slides, attended by loss of life and property. 





Word comes from Johannesburg, South Africa, that a large body of 
iron ore has been discovered in Natal, only thirty miles from the railroad 
and within a radius of seventy-five miles from the coast. Coking coal has 
also been located in Natal; limestone has also been found in large quantities 
near the ore beds. The river Tegela, which is suitable for the development 
of hydro-electric power, has its course through the iron ore property. With 
everything at hand for the manufacture of iron it is altogether likely that 
these properties will soon be turned to commercial account. 
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TRISECTING ANY ANGLE BY MEANS OF A HYPERBOLA.' 


By W. A. KNIGHT, 
The Ohio State University. 


SCHOOL SCIENCE AND MATHEMATICS 


Let ABC be any angle. From the vertex B, with any con- 
venient radius, strike an arc cutting the sides of the angle at 
A and C. Join C and A and prolong to 2’. By any convenient 
method divide AC into three parts, one point of division falling 
at D, and from A set off AF=AD=%AC. With D as a center 
and F and C as foci construct an hyperbola passing through G. 
The point of intersection + of the arc and hyperbola E will be 
one third the length of arc from C. Hence a line through the 
vertex and the point E will give an angle EBC=%ABC. The 
other third can be obtained by bisecting ABE, or cutting the 
arc AE with EC as a radius and A or E as center. This con- 
struction will hold for any angle, either greater or less than 
180°. If the angle be greater than 180°, the vertex of the 
triangle formed by joining A and C, i. e., the vertex B of the 
triangle ABC, will lie between the chord and the arc. 





8 
fig r] 
Proor I. 


On a line AC strike any number of circular arcs terminating 
in A and C. The locus of a point so moving as to cut off a 


1Since writing the above, I have learned through Professor J. W. A. Young of the 
University of Chicago that this same solution is given in a work published in 1891. 
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length from C equal to one third of each of the arcs will so 
move that any point P on the locus will be twice as far from C 
as from the line OY, the perpendicular bisector of the segment 
AC. Therefore, if P be any point on the locus, CP=2MP. 
This, by definition, is an hyperbola having C as focus, OY as 
directrix and eccentricity equal to two. 











Fig 2 


Proor II. 


Take the origin at O and let OC=r; we then have, since 
CP=2", (r—*«)*=4*°—y*. Expanding the left-hand member 
and solving for y gives (1) y*=32#*°+2rx—7* as the equation” 
of the curve. This is the equation of an hyperbola with’ its’ 
center on the X axis at a distance %r to the left of O. " 38) 

Since the point P was taken on any circular arc that can be” 
described upon a line AB, it follows that the resulting curve 
will trisect all circular arcs that it is possible to construct upon 
the given line. It therefore trisects the original arc. 

Let y=o; then 34°+2r2—1r?=0; from which 

(34—) (+r) i: 

*=Y%r or —t. 
Hence the curve cuts the X axis at a distance 14r to the right 
of O and at a distance r to the left of O. It may be observed 
that the left-hand curve passes through the point A, which may 
be regarded as the terminator of all arcs that can be described 
upon AC. 
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WHAT DISTINGUISHES TRIGONOMETRY? 


By A. LatHAm Baker, PuH.D., 
Manual Training High School, Brooklyn, N. Y. 


“Trigonometry is usually regarded and taught as a separate 
subject, but when we come to seek its peculiar characteristics, 
we fail to find a clear-cut central idea which would serve to 
give the subject its own individuality. Arithmetic has to do 
with the number concept, algebra with the generalized number 
concept and the equation, and geometry with the space concept 
and its problems. These central thoughts are distinct and funda- 
mental * * * each of the subjects has its own very marked 
individuality. What is the corresponding distinctive charac- 
teristic of trigonometry?” (Young: The Teaching of Mathe- 
matics). 

The author answers the question negatively and concludes 
that trigonometry has nothing distinctive. Of course, definitions 
are arbitrary and any writer is at liberty to make any definition 
he pleases as to the boundaries of his subject, so long as he is 
consistent and does not violate common usage too violently. 
But definitions are for the purpose of circumscribing, limiting, 
distinguishing and separating one thing from another. Economy 
of terms and clearness require that the lines of demarkation 
between the different parts defined should conform as closely 
as possible with the natural lines of cleavage imposed by the 
nature of the thing defined. 

It would be foolish and meaningless to define arithmetic as 
that branch of mathematics studied in the little red schoolhouse 
and algebra as the branch studied in college. It is almost equally 
meaningless to define algebra as generalized arithmetic. That 
the world has long disregarded the natural line of cleavage 
between the two subjects does not obliterate the line nor lessen 
the desirability of using this line of cleavage as the separating 
line between the definitions of the two branches. The literal 
equation was for a long time the earmark of algebra, but the 
mathematical world has been gradually drifting into the recogni- 
tion of the literal equation in arithmetic, and into the apprecia- 
tion. of the real gap between the subjects—the gap between 
positive number and negative number. 

Arithmetic in its general treatment has dealt historically only 
with positive numbers, leaving negative numbers, and quite un- 
necessarily, the literal equation for algebra. Here is the natural 
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line of cleavage, and if definitions are to have any natural lines 
of distinction, here is the place where that line should come; 
arithmetic, the science of positive numbers; algebra, the science 
of negative numbers ; irrespective of literal symbolism. 

So when we come to elementary geometry, the subject is 
limited by the tools allowed, straight-edge and compass. The 
ancients imposed this limitation because they had no other simple 
instruments with which to draw lines; and moderns have fol- 
lowed the same limitation for the same reason. Now, elementary 
geometry deals, among other things, with the ratios of the sides 
of triangles, and might easily have used the six trigonometrical 
ratios. But right here we are met with the limitation imposed 
by the tools used. Logically our six ratios can only be used in 
application to the angles which can be measured in elementary 
geometry, the Euclidean angles, go°, 60°, 36° and their multiples, 
dichotomic submultiples and combinations. 

But the introduction of a new tool, the scale, enables us to 
apply the six ratios to any angles, and introduces the general 
measurement of angles, trigonometry (goniometry). This is 
what distinguishes trigonometry from geometry and gives it its 
individuality—the graduated scale. Without the scale we are 
confined to the relatively few angles found in elementary 
geometry; with the scale we find ourselves in the general field 
of goniometry. 

An added tool opens new doors. As soon as you allow other 
tools than the historic straight-edge and compass, you open the 
door to other and individual branches. The graduated scale 
opens the door to trigonometry ; a tool for drawing conic sections 
would logically open the door to that branch; the integraph 
opens the door for the famous problem of the rectification of 
the circumference. Confine yourself to straight-edge and com- 
pass and you cannot measure the general angle; confine yourself 
to discrete number and you cannot square the circle. But add 
the graduated scale and you open the door to trigonometry ; add 
the integraph and the circle becomes rectifiable. 

Hence, in conclusion, the individuality of trigonometry is 
marked by the acquisition of the scale and the consequent ability 
to measure all angles. 





A convenient and rapid way of repairing holes in wave-troughs and 
aquaria is to run a little melted paraffine into the cracks and holes between 
the glass and frame work by means of a hot iron. 
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A CORRELATION OF MATHEMATICS AND PHYSICS. 


By LinpLey PYLe, 
Assistant Professor of Physics, Washington University, 
St. Louis, Mo. 


Many teachers of mathematics are on the alert to add interest 
to the elucidation of the equations and curves of the analytical 
geometry by reference to familiar physical problems. Teachers 
of physics find the judicious use of the graph of inestimable 
value in the discussion of related physical quantities. The 
following simple case of the correlation of mathematics and 
physics may prove of interest. It is presented because of the 
frequency with which there occurs in the physical investiga- 
tion of two quantities the relation indicated by the hyperbola, 


r= CF +Co2 (1) 


Connect a nonpolarizable cell, say a Daniell type, of electro- 
motive force, E, to a variable resistance, R’. Vary R and take 
corresponding readings, V, of the 
R potential difference at the cell ter- 
minals by means of an attached volt- 











he meter. See Fig. 1. Plot the related 

. U pairs of values of V and R. Fig. 2. 
The curve rises from the origin with 

V apparently approaching a limiting 

value. Since V is not proportional 

Fig. / to R, it may be profitable to investi- 


y 


gate how V depends upon this variable ratio Plotting 
V and * one obtains a straight line of negative slope. See 
Fig. 3. The equation of any straight line is y—ma-c. 


> 


The equation of this particular line is V=—m . +c where 





—m represents the negative slope. Note that m is constant 
and has the dimensions of a resistance. It must be a 
constant resistance and internal to the cell. Call it r. ¢ is the 


4 


V intercept. It is the value of V when . is zero, that is when 


R is infinite. It is therefore the terminal potential difference of 
the cell on open circuit. Call it E. Then 


INeither R nor the internal resistance of the cell should exceed one hundredth of the 
resistance of the voltmeter. 
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V=-r 2 +E (2) 


T 
and a name, “Current.” So 


The ratio > is given a symbol, I, 


that equation (2) can be written V 
or E= V+Ir 
(Note that equation (2) is of the same form as equation (1).) 
— P—- -— Pr— 


—_—_—— 


tetas: faunas ce 
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Fig.2 





Whence V=E is evidently the equation of 


V=E for R=o. 
Further, were it 


one of the asymptotes of the curve of Fig. 2. 
physically possible to make R negative, V would be negative 
(See dotted part of curve in Fig. 2). For R = — r, V would 
become negative and infinite, since the resistance of the entire 
circuit would then be zero. Evidently R = — r is the equation 
of the other asymptote. Draw in the asymptotes such that OK 
= rand OS = E. The values of r and E are respectively the 
slope and V intercept of the straight line in Fig. 3. 

The value of r may be found as follows. In Fig. 2 choose any 
point P on the curve. Draw the straight line OP and produce 
to the asymptotic line at m. Produce the ordinate through P 


to m. By similar triangles 
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¥ = eS By equation (2), = = ESS 
.. mn=r 

This construction is independent of the location of P. It holds 
even if r be variable, in which case the curve will depart from 
an hyperbola. The slope of any such secant line through O 
represents the value of the current delivered by the cell for that 
value of R represented by the abscissa of P. Sm represents the 
total resistance of the circuit. KL (=mP) represents the inter- 
nal drop of potential over the resistance of the cell. 











Fi 9.3 
Let P approach O. When P coincides with O the line OP is 
tangent to the curve at O. This is the line OT. The tangent 
may be constructed by laying off ST = mn (assuming r con- 
stant). The slope of this tangent represents the current delivered 


r 


by the cell on a short circuit. The Mo intercept in Fig. 3 also 


represents the current on a short circuit. KL has now increased 
to KW (= E). 

Many other interesting properties of the curve might be 
pointed out. It is perhaps unnecessary to remark that such 
methods of discussion not only vitalize mathematics but clarify 
physics. 


What is said to be the first long-distance, high-tension submarine cable 
ever laid, has recently been put in Oneida Lake, New York State, connecting 
Frenchman’s Island with the mainland. The cable is to conduct a current 
at 6,600 volts pressure to the island, where it will be stopped down to 110 
volts and used for lighting the pavilion and operating the various amuse- 
ment apparatus on the island. 
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A NEW STRAIGHT-VISION PRISM FOR THE PROJECTION 
OF SPECTRA. 


By Jon. KoENIGSBERGER, 
Professor at Freiburg, i. B. 


The straight-vision fluid prism here described has the same 
power of dispersion, and therefore a spectrum of the same size, 
as the best prisms according to Wernicke. On the other hand, 
its construction is much simpler and the cost of manufacture 
for the same size and capacity only about half and less of that 
for Wernicke prisms. An acid-proof, nearly rectangular fluid- 
trough, as the illustration shows, 
puttied at 600° C., is divided into 
three prisms, the two outer ones 
of which are filled with a fluid of 
slight dispersion, the inner one 
with a fluid of high dispersion and similar index of refraction. 
The fluids remain in the puttied prisms, do not change, and need 
not be removed after using them. Only at temperatures below 
o° do they freeze, and then it will be sufficient to put the prisms 
for ten minutes in a warm room to render them ready for use. 

Up to now, straight-vision prisms have been furnished in the 
following four constructions: . 

1. Combination or crown and flintglass prisms according to 
Amici-Jansen and Rutherford prisms (dispersion 3°—3, 5°). 
These prisms are very good for correct measuring, their disper- 
sion being much less dependent on temperature. For projection, 
however, their dispersion is smaller than that of fluid prisms, 
apart from the fact that the latter are much cheaper, particularly 
if large sizes are required. 

2. Fluid prisms giving violet up to 380 m.m. Dispersion 
C—F— about 2, 30°—4°. 

3. Fluid prisms with a filling allowing only the colors up to 
blue. Dispersion C — F about 3°—5°. 

4. Combination of straight-vision prisms by connection. 

The new prism belongs to category 2, has, at 15° C., a 
dispersion C—F— of about 4°, and gives the spectrum up to 
400 m.m. If a very strong dispersion, about twice that of 
Wernicke prisms, is desired, two prisms are firmly united into 
one system. This is to be preferred to the manufacture of five- 
part prisms or to the reflection of the back side of one prism. 








The above prisms are made by the optical works of F. Hellige & Co., Freiburg i. B., 
and can be had through any dealer of scientific instruments. 
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A LEVER OF THE SECOND CLASS. 
By G. J. Koons, 
High School, Murphysboro, Iil. 


There is a difference of opinion as to what class of lever is 
employed in raising the body upon the toes. Some call it a 
lever of the first class, while others say that it is a lever of the 
second class. 

A lever is usually defined as a bar capable of rotating about 
a fixed point in it. The fixed point is called the fulcrum. A 
lever of the first class is one in which the fulcrum is between 
points of application of the power and weight. A lever of the 
second class is one in which the weight is applied between the 
fulcrum and the power. In both classes, when equilibrium is 
established the moment tending to produce rotation in one direc- 








tion is equal to the moment tending to produce rotation in the 
opposite direction. Theoretically, any second-class lever may 
become a first-class lever by considering the point of application 
of the weight as the fulcrum: Similarly, any first-class lever 
may become a second-class lever by considering the pressure at 
the fulcrum as the weight. From these facts it seems that 
determining whether or not raising the body upon the toes is 
a lever of the first or second class is simply a matter of deciding 
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on the location of the fixed point around which there is a 
tendency to rotate. 

To lift the body upon the toes it is necessary to incline the 
body forward until the line of direction passes through the 
base formed by the contact of the toes and the floor. The 
muscles of the calf of the leg then lift the body. The muscles 
being attached to the bone above pull down with a force equal 
to that with which it lifts. Thus the downward pressure at the 
ankle is equal to the weight of the body plus the downward pull 
of the muscle. In the case of a person weighing 150 lbs. the 
pressure of the toes of each foot on the floor would be 75 lbs. 
The muscles of the calf of the leg would then exert an upward 
pull of 150 Ibs. The downward pull of the muscles added to 
half the weight of the body makes a weight of 225 lbs. supported 
at each ankle. 

An illustration of these conclusions is shown in the figure. 
The piece of apparatus is easily constructed and confirms the 
statements already made. A heavy mass is fastened at the top 
of the upright; the whole apparatus is inclined until it stands 
in equilibrium. 

It seems that raising the body upon the toes satisfies the 
equation for the lever of the second class. As the fixed point 
around which the tendency to rotate is the point of contact with 
the floor, according to the definition of the lever of the, second 
class, the conclusion naturally follows that it is a lever of the 
second class. 





Cast iron, steel, and wrought iron can be readily distinguished from one 
another by means of nitric acid. Take a piece of the metal to be tested 
and file a small section of the surface so as to give a bright spot. Apply to 
this spot a drop of nitric acid and after a few minutes wipe it off and 
rinse with water. If the metal is wrought iron the acid will leave a whitish- 
gray mark, if steel a brownish-black one, while if it is cast iron it will be 
deep black. The test is based on the fact that the three metals each have 
a different carbon content and the effect of the acid is to expose the carbon. 
The test is quite valuable for determining the relative proportion of the 
different metals when two or more of them are welded together. 





Considerable attention has been directed of late to the effect of sunlight 
on the transmission of Hertzian waves. A writer in Electrotechnische 
Zeitschrift, in commenting on this subject, points out that the stronger the 
sunshine the less the conductivity of ether to the Hertzian waves, so that it 
is incorrect to speak of a wireless telegraph station as having any definite 
range; for one which has a large radius of communication in northern 
latitudes would have a much smaller radius in the tropics. This would be 
particularly noticeable on vessels sailing north and south, and he suggests 
that it would be desirable to prepare a “radio-topographical” map, giving 
the relative conductivity of the ether at different latitudes. 
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A METHOD FOR SUPERPOSING COLORS. 


By F. R. Garton, 
State Normal College, Ypsilanti, Mich. 


In the June number of ScHoot ScieENCE AND MATHEMATICS 
the author described a simple device for the blending of colors 
upon a screen; for example, any two complementary colors. A 
modification of this apparatus suffices for the superposing of 
three colors, as the primary colors (red, green, and violet) of 
the Young-Helmholtz theory. The necessary changes in the 
apparatus are apparent from the figure. 
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The wedge-shaped block at the center of the apparatus, which 
in the former arrangement was provided with two mirrors, is, 
in this case, cut at the top at an angle of 45° and is here faced 
with the mirror N”. When placed before the objective of a 
lantern, this mirror reflects the incident light in an upward 
direction. This light is caught by the mirror M” and thrown 
upon the screen. 

If, now, a lantern slide is prepared with three transparent 
openings at the corners of an isosceles triangle about 114 inches 
on a side, and these openings covered with films of the colors 
to be superposed, each of the three central mirrors may be made 
to reflect a certain color. Each reflected color is turned by a 
second mirror toward the screen. By adjusting the movable 
mirrors, the three colored spots may be made to overlap to any 
extent. The same apparatus obviously suffices for the blending 
of two colors in the manner described in the previous article. 


————F 
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PHYSICS AS A FACTOR IN FORMING CHARACTER. 


By CuarLes M. Brunson, 
Central High School, Toledo, Ohio. 


What a man is, is his character; and what he is, is what his 
own or his ancestor’s experiences have made him. Character 
is not a spontaneous generation. It is a growth from trans- 
mitted life. It is a slow, steady development and contains an 
admixture of all three elements—mental, moral, and physical. 
These elements are interdependent and cannot, therefore, be 
separated in their development. What affects the one also 
affects the others. An arrested development in one retards the 
growth in the others. 

In order to obtain the best results the educator must keep 
constantly in mind the desired product. It is not sufficient to 
know the subject matter alone ; he must study the effect produced 
on the mind and heart of his pupil. Who would care to employ 
a physician who was up on materia medica, but short on 
physiology, and who gave medicines but never took the trouble 
to note the effect on the patient? 

The teacher of physics is especially liable to forget the real 
object of his teaching in the absorbing interest of his subject 
matter, or in his appliances. As well may the sculptor forget 
the image which he intends to form in the contemplation of 
the quality of his marble or the fineness of his tools. 

If the youth has these three elements in his organization and 
it is possible to add to the development of all three simul- 
taneously by the conscious effort in that direction, then cer- 
tainly that teacher is best equipped who has that knowledge and 
applies it. Good is accomplished in this direction unconsciously, 
but this good can be augmented by the conscious effort. 

Did you ever think what a splendid factor for the upbuilding 
of mankind was introduced by Galileo when he let drop his 
bomb from the Tower of Pisa? The explosion of Aristotelian 
philosophy that followed shook up the dry bones of the blind 
worshipers of established authority. The incident was of in- 
estimable value to the succeeding ages and proved a lesson 
from which it has received large benefits. Much has been written 
about the renaissance of the classics and the arts and its splendid 
effect on the European peoples, but how little is said of the 
no smaller benefits derived from the birth of science, We have 
but to contrast the conditions of all classes of European peoples 
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of that day and this to see the value of scientific knowledge. 
The knowledge of physical phenomena and principles has in- 
fluenced and permanently affected the life of nations, and has 
influenced and does influence the life of individuals. In sup- 
port of the first part of this assertion, I need but call your 
attention to the knowledge of the use of the compass, the various 
mechanical devices for transmitting energy, the steam engine, 
the telegraph, the telephone, the telescope, and the microscope. 

It does make a difference what a child studies and how he 
studies. It makes a difference what experiences he has and 
how well he understands them. The difference between an 
average Chinaman and average American is due to the differ- 
ence in the number and character of his experiences. Each 
has his own methods of culture. 

The selection of any subject for a course of study should 
justify itself not by tradition, but wholly on the grounds that 
the experience gained from it uplifts, broadens, and enriches 
the life of its student. History and science are the two great 
fields of real knowledge and experience, the world of man and 
the world of nature. These two at present are gradually wrest- 
ing from the formal studies somewhat of their prestige and 
estimation held by course makers. History, including as it does 
in its broader sense, biography and literature, has come to be 
recognized in its proper relative importance, but of the place 
of the sciences I am not so well assured. True it is, in our 
universities, the number of students taking the science courses 
is rapidly increasing; but is it because the value of science 
training is appreciated, or is it because it is a requisite for the 
technical courses? True it is that the High Schools of the 
state have within the last few years largely increased their 
equipment for science teaching through the stimulus of the 
High School inspection system and examination for the ac- 
credited relation; but is not this activity a movement which has 
been tolerated rather than fostered by school administrators? 
Science deserves a place out of its own merits and not for 
any borrowed reason, Kraepelin says: “Nature should not 
appear to man as an inextricable chaos, but as a well-ordered 
mechanism, the parts fitting exactly to each other, controlled 
by unchanging laws and perpetual action and production.” And 
Humboldt says: “Nature to the mature mind is unity in variety, 
unity of the manifold in form and combination, the content or 
sum total of natural things and natural forces as a living whole. 
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The weightiest result, therefore, of deep physical study is, by 
beginning with the individual, to grasp all that the discoveries of 
recent times reveal to us, to separate single things critically and 
yet not be overcome by the mass of details, mindful of the high 
destiny of man, to comprehend the mind of nature, which lies 
concealed under the mantel of phenomena.’’ The science teacher, 
in order to bring about the highest results, must know that the 
highest purpose in studying science is to get an understanding 
of life and to see the unities of the universe. 

Since the child’s public school course in science is usually 
limited to one or possibly two formal branches of science, that 
branch or those branches should be chosen which -will serve the 
above purpose best and thus render the highest good for the 
student in the development of his character. Does physics offer 
this opportunity ? 

In the first place, physical phenomena and principles enter 
more largely into life’s usual experiences than any other, and 
therefore should be understood. In the second place physics 
affords a large disciplinary value, embracing as it does the prac- 
tical application of the various branches of mathematics to the 
organizing and systematizing of the common experiences of 
life, and affords a means to teach the scientific method of study. 
In the third place, physics is especially adapted to furnish train- 
ing into the conception of the fundamental principles of morality. 
Now, you are wondering if I have a new cult to offer, and I wish 
to say no to this, but I shall give just a few things that have 
suggested themselves to me and seem to have value. 

Some time ago, while we were discussing the humble begin- 
nings of most great men, a boy in my Sunday School class 
asked the cause of this. My mind ran out for a satisfactory 
answer to his question, and as he was a pupil in my physics 
class I replied that I believed Newton’s Third Law of Motion 
explained it: “To every action there must be an equal and 
opposite reaction.” Adversity furnished the necessary reaction 
which a character must have in order to have exercise and hence 
grow. It has impressed me many times that this is more than 
a mere analogy; that this fundamental physical law is a mental 
and moral law as well. Strong mental and moral qualities 
cannot be made unless there is friction along the line which must 
be overcome. He who always chooses the way of least resistance 
can never hope to test his mental or moral powers, or to gain 
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one day while we were discussing the limitations of the electric 








596 SCHOOL SCIENCE AND MATHEMATICS 
strength thereby. The man who does anything worth while will 
meet plenty of resistance without going out of his way for it. 

What is the law of habit but the law of inertia—the tendency 
to retain present conditions? A mind which remains at rest for 
some time will acquire so much inertia of rest that it requires 
great stimulation from without before motion is started again. 
When one is made to think deeply and feel strongly about any 
question, it requires a large amount of activity from without to 
change the line of thought. 

He who fully understands the Second Law of Motion can 
easily see why there is no such thing as chance, or luck, in this 
world. Every force has its own effect regardless of its mag- 
nitude or whether accompanied by other forces. Every act of 
a man’s life has its permanent effect, and a man is the sum of 
his thoughts and his deeds together with those of his ancestors. 
I have no patience with the idea that one man succeeds because 
he is lucky and another fails because he is unlucky. 

The luck that I believe in 
Is that which comes with work 


And no one ever finds it 
Who’s content to wish and shirk. 


A belief in luck or chance is one of the most demoralizing 
ideas which pervades the mind of man. His inability to realize 
the immutability of law that like effects follow like causes, leads 
him to take chances at the gambling table or the stock exchange. 
If the young man could be made to realize that these funda- 
mental laws apply to every act of his life, he would hesitate to 
wreck railroads, water stock, and secure property and privileges 
without giving value received. ‘“Whatsoever a man soweth that 
shall he also reap,” is what the great Philosopher said. Do we 
fully understand all it means? 

I shall always have my misgivings about that man who, on an 
occasion when the possibilities of the exhaustion of our energy 
sources in the form of coal, etc., were being discussed, declared, 
with much confidence in his solution, that the invention of the 
dynamo had settled that question since it would take the electrical 
energy out of the air and furnish power, heat, and light for us. 
This literary gentleman thus nullified Lenz’s law as easily as a 
city mayor nullifies a gambling ordinance. 

This man belongs in the same class with the banker who asked 
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automobile, “Why wouldn’t it be feasible to have a hand dynamo 
attached to the auto so that when the charge ran out it could 
be restored by hand?” ‘The former individual on another occa- 
sion said in good faith “that he thought the city water works 
department ought not charge so much for water furnished to 
a motor because it could drain right back into the mains.” 

Another gentleman of my acquaintance thought he had found 
a financial bonanza in the invention of a tramp whom he had 
given employment in his factory, and he invested considerable 
money in experimenting. He described it as a dynamo that 
was without a field magnet. It had a field magnet which he 
knew not of—earth’s magnetism. 

Many a poor man has been driven to the insane asylum while 
trying to invent some machine which would do work without a 
supply of energy. Many a man has wasted his fortune or his 
time and his energy when a little knowledge of physical prin- 
ciples would have prevented such disasters. 

Something for nothing cannot be obtained anywhere in the 
universe. “By the sweat of thy brow thou shalt earn thy bread” 
is a law written in nature as well as in the Bible. Emerson stated 
the same truth when he said, “The benefit we réceive must be 
rendered again, line for line, cent for cent, deed for deed, to 
somebody.” In no place is the truth of this made to yield up 
its full meaning as it is in the Law of Conservation of Energy. 

A comprehension of the fundamental physical laws and their 
application to the common experiences of life and to the motions 
of the heavenly bodies as well as to the smallest imaginary 
divisions of matter will help to give men their proper bearings 
in the world of thought and in the world of business. No 
knowledge renders the mind so stable, and satisfies it so well 
as the knowledge of natural law, its unities and its universality. 
“The heavens declare the glory of God and the firmament 
showeth his handiwork” to whom? “To him who in the love 
of Nature holds communion with her visible forms, she speaks 
a various language.” 

If the student knows the Law of Conservation of Energy and 
knows that his being is subject to its provisions and that his 
body is a machine to transform chemical energy into molecular, 
mechanical, and thought energy, I believe it will influence him 
to husband his resources and not dissipate them in the unreason- 
able pursuit of hurtful pleasures. When he understands that 
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the laws of his body and of~*his mind are but laws of matter 
and energy working in an organism and that he is the product, 
it will be of more influence than sermons on the evil effects of 
cigarette smoking or the use of alcoholic liquors. This knowledge 
may also convince his sister that her stomach is intended for 
something else than a receptacle for bon-bons, ice-cream sodas, 
and pickles. “He that defileth the temple of God, him will God 
destroy.” How? By natural law. The body should be treated 
like a machine, which, in order to give high efficiency, must 
be given great care and must not be lubricated with sand. Prof. 
Huxley, in his lecture on Science and Education, gives the fol- 
lowing definition: “Education is the instruction of the intellect 
in the laws of Nature, under which I include not merely things 
‘and their forces, but men and their ways; and the fashioning 
of the affections and of the will into an earnest and loving desire 
to move in harmony with those laws.” 

So far I have tried to give a few illustrations of the way in 
which the knowledge of physical principles might be of benefit 
to the student, and I have but a few moments simply to mention 
some of the virtues—moral and semi-mechanical—which can 
be inculcated by proper laboratory practice. The word “proper” 
ought to be emphasized, for if laboratory work is not done 
properly, vices are just as easily inculcated. 

Where can you find a better place to train the pupils into 
habits of regularity, punctuality, neatness, silence, industry, 
honesty, and self-reliance? Inefficient or careless inspection may 
lead the pupil into the rankest dishonesty. Sometimes this is 
the fault of the instructor, oftener it is the fault of the school 
administrators who wish to make a reputation for themselves 
along economical lines. A certain superintendent once asked a 
teacher of physics if he could not conduct a recitation with 
thirty pupils in one room and a laboratory section of another 
thirty in an adjoining room at the same time. This teacher 
refused to be a party to such a farce and he chose the other 
alternative of having his hours increased to eight periods instead 
of six per day. 

Too much help to the pupil in the laboratory is worse in many 
respects than too little help, and both are bad. It is a wise 
teacher who knows just when to give help to the struggling 
student in order not to thoroughly discourage him, or, on the 
other hand, to cause him to lean too heavily on the teacher. 
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Permit me to say in conclusion that I thoroughly believe that 
it is the duty of the science teacher to study the development 
of his pupil as well as to study the subject matter, the appliances, 
and the methods of his subject, and that he has a greater respon- 
sibility than merely helping his pupil to a little knowledge and 
giving him a few mental gymnastics. That teacher who does 
not see a moral side to his teaching—no matter what his subject 
—is missing the great opportunities of his lifework. 


CONDITIONS AND EQUIPMENT IN SECONDARY SCHOOLS. 


By CHarces R. ALLEN. 


New Bedford Industrial School, New Bedford, Mass. 


It is only proper that I should preface what I have to say 
here by the statement that it is based on an experience extending 
over a considerable term of years, but confined to one city, so 
far as direct experience goes, and to New England so far as 
direct personal observation is concerned. Nevertheless, reading 
and discussion with teachers from other parts of the country 
have led me to believe that, in general, the conditions which I 
shall discuss are, in the main, typical, and therefore of some 
general interest. 

In particular, I propose to discuss some tendencies which I 
honestly think tend to bring about conditions which do not make 
for the most effective teaching of chemistry, and I do this be- 
cause it seems to me that they can be modified, if not remedied, 
by the assistance of practical chemists, such as the members of 
this society. 

The subject assigned to me is “Conditions and Equipment in 
Secondary Schools,” but, fundamentally, conditions and equip- 
ment are determined, in most schools, by the ideas of those in 
charge as to why chemistry is given a place in the curriculum. 
In theory, the reason is very evident: the school aims to acquaint 
the pupil with as many different fields of human activity as pos- 
sible: chemistry is one branch of a great field of activity, science 
—hence, it is properly included in the course of study. 

Now this theory is all right, but when we come to practice 
in the average secondary school, we land with something entirely 
different from what was theoretically contemplated and from 
what the outsider often thinks is being done. In my judgment, 
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chemistry, in the average secondary school, falls far short of 
doing what it should do, and what it could do, so far as the 
inherent value of the subject is-concerned. I think that this 
statement may be made to apply to all science teaching in these 
schools, but since chemistry has a higher potential teaching value 
than other science studies, this failure is perhaps more regret- 
table in this case than in the others. 

There are many reasons for this failure to make chemistry 
what it should be, but above all others, there are three: stand- 
ardization, due to the nature of college entrance requirements, 
a failure of those in charge of schools to fully grasp the scope 
of science courses (particularly chemistry) and a failure on the 
part of teachers to fully realize the nature of the problem in- 
volved in teaching this subject to children of the age of those 
usually taking this subject in secondary schools. 

Before taking up these matters in detail, however, I should, 
in all fairness, say that there are undoubtedly many exceptions 
to the conditions which I shall discuss—but I am dealing with 
the general run of things, and the exceptions only go to show 
how much more could be done were these limiting conditions 
removed in all schools, as they are in some. 

Now, just as to the actual conditions under which chemistry 
is taught in secondary schools. Leaving out the schools whose 
sole function is college preparation, we have either the large 
city school, with several courses, or the small school, with one— 
in either case, the subject is usually taught in the upper vears 
of the course, to mixed classes, and, since girls stay in and boys 
get out, these classes are largely girls. In the larger schools, 
there are one or more teachers teaching the subject entirely, but 
more often, one teacher has both chemistry and at least one other 
science, usually physics. 

Taking these classes as a whole the bulk of the boys will enter 
the life of the community without further education and the 
majority of the girls will eventually become home makers. The 
chances are 99 out of 100 that not one of these pupils will ever 
become chemists and the majority of them will never directly 
use technical chemistry in their lifework. 

Now, I suppose that we would all agree that, in general, the 
school should give these pupils some notion of what the field of 
chemistry is, its achievements, its great pioneers, the nature of 
its probiems, and the way in which these problems are attacked. 
Therefore, we do not need to feach them to play the game, so 
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much as to have some intelligent appreciation of the game, and 
to realize that somebody must play it in the thousand ways in 
which this science enters into our life. That is the main prob- 
lem: to do this with mixed classes, mainly girls, from 17 to 19 
years old. 

On the other hand, here and there, somewhere in the schools 
of to-day, are the chemists of to-morrow. Therefore, our courses 
in chemistry should afford opportunity to develop and encourage 
such special ability—to direct it, and head round pegs toward 
round holes. 

Now, doing this successfully, is a very different thing from 
teaching grammar. We want our pupils to know enough chem- 
istry to understand how it enters into our daily life, how it pro- 
tects us trom disease, how it guards the purity of our food, how 
it acts as our servant in converting the raw material of the earth 
into substances which aid us in carrying on the work of the 
world. This means the history of the science, biography, visits 
to manufacturing plants (if such be available), some training 
in the solution of elementary chemical problems by chemical 
methods, and, in general the development of the subject in a 
broad way, leading rather to appreciation and some comprehen- 
sion rather than to knowledge of minute elementary detail. The 
‘only pupil needing that is the one who has to meet the college 
requirements. 

Now, conditions.as they often exist at present, do not make it 
easy to successfully perform either the function of developing 
the “hospitable state of mind” toward chemistry or of devel- 
oping the born chemist. Perhaps the most important of these 
is the fact that the bulk of the chemical work in high schools is, 
essentially, college preparatory work, even with non-college pu- 
pils. Of course this is not true on paper, but as a condition and 
not a theory it is often true, and this is bad, not so much because 
the college preparatory courses are, in themselves planned to be 
bad, as in the unfortunate point of view, which is introduced, 
whereby ability to pass an examination in a certain schedule is 
made the one thing of importance. 

In practice, the thing works out somewhat like this: a few 
pupils are actually going to college. The principal feels (and 
often with some reason), that the standing of the school depends 
largely on the records made by these few pupils in the entrance 
examinations. Nobody inquires about the rest of them. Hence 
the whole pressure on the teacher is not to teach these pupils 
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chemistry in a broad way, but to get them through the examina- 
tions creditably. Moreover, since there must be about so many 
pupils in a section (or, in small schools only one class) to these 
college pupils are, of necessity, added a lot of others who are 
not going to college at ali—but who must be put through the 
same mill in the same atmosphere. 

I once heard a prominent educator say that the cheapest form 
of education was Latin, that a cheaper teacher could do effective 
work in that subject with more pupils, than in any other. Now 
it is difficult to get school authorities to see the economic fact 
that good science teaching is more expensive than good Latin 
teaching—they want science, but they shy at the price of good 
work. 

So, it is hard to get them to see that it takes any more time 
or energy to properly teach a laboratory course than to carry a 
pure book course. So, if the teacher has any spare time which 
he could give to devising experimental work or doing a little 
extra work with a bright pupil, he is often given a class in his- 
tory or German, just to keep him busy. 

The result is, that even if he has other sections in non-col- 
legiate courses, he has to put them all through the same routine 
and, moreover, is driven to making the whole matter as much 
of a routine and time-saving proposition as possible. 

This leads naturally to the substitution of memoriter work 
from a text-book for knowledge actually thought out by the 
pupil himself, to the development of experimental work which 
commends itself on account of its allowing the pupil to work 
with little direct aid from the teacher—‘“automatic notebooks”’ 
wherein all the thinking has been done by the author and the 
pupil has only to follow instructions to successfully do what he 
should have painfully thought out himself. 

All these things are forced upon the teacher because he is 
obliged to teach a subject which is fundamentally a laboratory 
study, which is based on knowledge obtained from experimen- 
tation only, as if it were language or history, and moreover, as 
if the whole mass of pupils were to be chemists and develop their 
knowledge in the advance schools, which the bulk of them will 
never do. 

Now that practically all colleges accept the certificate of the 
college entrance examination board, the easiest way to fit a 
pupil for college is to fit for the board of examinations, so that the 
practical result is that the teaching of chemistry in secondary 
schools is becoming standardized, and standardized in conformity 
with the requirements of the examination board. 
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Now I do not believe that any small group of men, had they 
the wisdom of Solomon, can standardize the teaching of this 
subject to fit conditions, no matter how honestly they may try, 
unless we are willing that the teaching of chemistry should de- 
generate into a simple cramming proposition, in a universal syl- 
labus, with forty or sixty experiments performed as rapidly as 
possible and always with an eye, not on educational results, but 
on the examiner. 

Now as far as college preparation goes, the colleges have a 
right to demand what they choose and standardization means 
ease of administration, but when the practical result is that the 
non-college pupils must also be put through the same machine, 
we have a condition which, I believe, calls for serious considera- 
tion from those who would see chemistry fulfilling its true func- 
tion in the public high schools.’ 

In other words, the non-collegiate pupil should have a fair 
show, and now he doesn’t get it in many cases, because no matter 
how admirably the college preparatory work may fit for the re- 
quirements of the college department which framed it, it does 
not do the work that should be done with a boy or girl who 
goes from the high school directly into actual life, and to whom 
the high school represents the final end of formal education. 

A second condition worth discussing is the failure of many 
teachers to realize that the high school problem, as an educa- 
tional problem, is not the problem of the college or engineering 
school. During the years from 17 to 20, boys and girls are 
developing very rapidly, there is more of a gap between the 
high school senior and the college freshman than we realize. 
Yet many teachers feel that the more they can “anticipate” col- 
lege work, the better work they are doing. So we have a con- 
tinual tendency to administer merely diluted college work to 
high school pupils, disregarding the fact that psychologically 
and pedagogically the problem of the secondary school is vitally 
different from that of the college, and requires different methods, 
material and presentation. Here conditions could be greatly 
improved By the building up of courses really suited to ado- 
lescents. 

The average principal of a high school, as already stated, is 
very liable to look mainly at the college preparatory function 
of his school; but beyond that, he naturally sees things from the 
administrative side. He often does not see why it is not just 
as easy to chop a chemical experiment up into 45 minute periods. 
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as a history lesson; why progress cannot be accurately reported 
in terms of somebody’s text-book, and why the formal steps 
of Hebart’s typical lesson cannot be rigorously worked out. It 
upsets his routine if the chemistry teacher wishes to take a class 
visiting somewhere outside of the building. He may allow it, 
but it worries him—it is irregular—hence again a tendency to 
make the work in chemistry such that it makes the least trouble 
in the running of the school, not to make it most effective. 

In what I have said so far, I have tried to present three rea- 
sons which I believe are tending to bring about conditions un- 
favorable to the teaching of chemistry as it should be taught in 
secondary school. To meet them, I believe we need education 
of school administrators, by the suggestion and active interest 
of working chemists, pressure for conditions whereby at least 
the non-collegiate pupil can have a fair chance to get a little 
glimpse into the field of chemistry unhampered by sixty experi- 
ments or a universal syllabus, and a greater recognition on the 
part of teachers that their problem, while as honorable as that 
of the college man, is radically different. 

Now in many cases the teachers know this. They would 
change conditions if they could, but how can they, unless they 
gain some support from us’ If those of you who are practical 
chemists would actively take up the matter in your own locali- 
ties, you could do much good—more than you realize—for school 
boards are generally very ready to listen to and carry out sug- 
gestions from men who have practical experience. 

I commend then, to your consideration, these three adverse 
conditions: increasing standardization in the direction of routine 
work to meet one point only-—college requirements, and those 
as interpreted by the examination; a feeling on the part of 
teachers that most efficient work is being done when high 
school work is diluted with college work; and a failure on the 
part of administrators to see why the teacher of chemistry needs 
any different conditions than the teacher of a non-scientific sub- 
ject, together with an unnecessary hampering in the interest of 
ease of administration. 

Could these conditions be changed, I believe that we should 
come much nearer, in the average high school, to really opening 
up to the pupils something of the history, the romance and the 
vital connections with our civilization of one of the most fasci- 
nating of the sciences, instead of being in danger of making only 
another routine grind. 
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THE FIRST COURSE IN CHEMISTRY.' 


M. D. Sounon, Pu.D., 
Morris High School, N. Y. 


In school work, the teaching of any branch is not an end in 
itself, but one of the means employed in an extended system of 
education. We do not drill our pupils in drawing, music or 
Latin with any idea of cultivating artists or linguists, but be- 
cause these subjects serve certain purposes in the general edu- 
cational scheme. As applied to our subject, especially in the 
introductory course, the object of the work should not be to 
teach chemistry so much as to teach boys and girls such facts 
and principles concerning chemical phenomena, as, with the time 
and material at our disposal, will best meet their needs. Any 
technical or mercenary advantage which might be derived from 
the study of chemistry has but little consideration in the edu- 
cational scheme, but our present social development depends so 
largely on applied science, no one can understand it unless he 
knows something of the general principles of chemistry and 
physics. . 

It is customary to discuss the educational process from three 
points of view: the ethical, the disciplinary and the informational. 
Yet, when we come to consider them practically, we find that we 
must take them in the reverse order; acquire knowledge con- 
cerning the world, be able to use our common sense and bring 
our knowledge to bear in working out the tasks in hand, to place 
a proper value on what we know or experience and to apply such 
conscientiously and honestly in life. 

How far chemistry will or can contribute to this will depend 
on the teacher, the pupil and the content of the course. So that 
the question arises: when, how and what chemistry should be 
taught in our secondary schools? 

Inquiry among chemistry teachers shows practical unanimity ; 
everybody ought to study chemistry. This would necessitate 
chemistry being placed early in the course. On the other hand, 
most teachers want it after the pupil has studied physics, when 
the pupil is more mature; this would bring it at the end of the 
course and confine it to the few. There must be something about 
chemistry of fundamental importance if everybody ought to study 
it, and there must be something abstruse and difficult if it can 
be taught only to the elect. 


1 Read at the Boston, 1909, meeting of the American Chemical Society. 
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The superabundance of chemical phenomena and products 
daily thrust wpon our attention, testifies to its importance and 
a study of matter might easily compete with nature study of the 
lower grades. The difficulties of the subject are largely arti- 
ficial, due to the acceptance of traditional methods of presenta- 
tion especially of illustrative material. Why, in so many books 
is the law of multiple proportions introduced in connection with 
the oxids of nitrogen? Why is the law itself so expatiated on? 
If the atomic hypothesis is accepted, this law is a necessary con- 
clusion and of no more importance than many others that receive 
scant attention. It has played an important part in the history 
of chemistry, but the historic order is not necessarily the best 
and we are not fair to the pupil if we refuse to use modern fa- 
cilities merely to preserve historic form. Many of the beacons 
set up years ago are now outside the main channel; it is possible 
we may map out a new course and so plainly mark it that school 
children may follow it. ; 

Our course on the disciplinary side must tend to develop an 
appreciation and an interest in current developments, compel 
telling the truth, lend ability to handle such problems as naturally 
arise, to weigh evidence impartially and intelligently interpret it 
in good English; this last is not least important. —To accomplish 
this we must have a strong foundation of facts and a good teacher. 
We must build our own foundation. For one fact we may prove 
we must accept hundreds beyond our skill or means. We must 
learn what others have done, learned or thought. The first les- 
son of the child in school is to obey, to respect authority. It is 
impressed upon us in life we cannot act or think independently. 
The vast majority of our pupils will not be leaders in life, they 
will not be called upon to plan, but to carry out the plans of others. 
To succeed in life they must know the leaders and yield obedience 
to constituted authority, whether it be in the political or scientific 
world. It is this which is most liable to be slighted in our so- 
called inductive courses. A course that claims to be disciplinary 
and fails to impress this is worse than useless. It is injurious in 
that it develops a type of skeptical egoists whose cry is, “Show 
me.” They contribute nothing to the social good and decry 
honest effort. . 

While the study of systematic method and the development of 
systematic habits and personal honesty are most desirable their 
usual concomitants, technical measurement and manipulation are 
of very minor importance and are of value only so far as they 
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contribute to the creation and fixing of honest habits. The so- 
called scientific spirit as displayed in our greatest scientists was 
not instilled by formal instruction but developed by habits of neat- 
ness, orderliness, attention to details, and especially by concise, 
honest, and accurate expression of ideas in language. Scientific 
method is based on the experience of the race, but it is not the 
way the individual works; life is too short to learn much at first 
hand so we must accept the experiences of others. The success- 
ful man, the genius, is the one who combines and brings to a 
practical result the work of his predecessors. 

If we examine the content of our science, it is appalling, fact 
after fact come forward claiming attention. It is evident that at 
best we can but scratch the surface in the year of perhaps 150 
hours allotted to chemistry. Where shall we begin? What 
shall we leave out? Roughly, we may divide the work in two 
parts; the descriptive side which deals with facts, sequences, and 
values as perceived by our senses; and the theoretical side which 
deals with the translation of these into the terms of those mental 
forms we have constructed. If we leave out the descriptive part 
we have no basis for the theoretical except from a mathematical 
standpoint. If we leave out the theory, apparently we make the 
work disjointed, empirical and not scientific. 

Although we always teach with a view to culture, our ideas of 
the relative value of the content have been subject to change 
and it is coming to be more generally accepted that culture is best 
obtained through the study of such things as bear most directly 
and naturally on the pupil. Such material we find on the de- 
scriptive side of the subject. Theory is not fundamental in the 
progress of science, it comes and goes as the science develops. 
It is the polish which fills out and hides the gaps in the line of 
facts. It is attractive to our cultivated tastes. We like it because 
we made it. We saw it grow. To the beginner this is not so. 
Deprived of its personal application to the pupil, chemistry deals 
with mathematics and abstractions. To comprehend many of 
the most simple conceptions of chemistry, requires a more vivid 
imagination than is called for by any other branch of science. It 
is utterly beyond the average high school pupil and indeed of 
many college men. Our familiarity with the subject hides from 
us its difficulties to the pupil. John Dalton would not accept 
literal symbols instead of his own ideograms. As late as 1837 
he wrote, “Berzelius’ symbols are horrifying. A young student 
might as well learn Hebrew as make himself acquainted with 
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them. They appear to equally perplex the adepts of science, to 
discourage the learner as well as to cloud the beauty and sim- 
plicity of the atomic theory.” The history of chemistry is full 
of instances where masters of the science have been unable to 
grasp theoretical conceptions we lay before our pupils as matter 
of fact. 

Suppose we admit the possibility of teaching such theoretical 
ideas, is it worth while in a first course? If it is learned, it is as 
a matter of memory and useless. To derive the atomic theory 
from the laws of Dalton requires subtle argument, it is not for 
the child. Our best text-book authors use Avogadro’s hypothesis 
as a big stick, yet they often sneak it into the text in a most un- 
scientific manner. Our ordinary courses and texts, like Topsy, 
just growed. Usually elements or groups of elements are taken 
up first, as to occurrence and preparation then properties, com- 
pounds, and use. Almost all chemistry text-books follow this 
arrangement; where we find it, how we get it, what it is like 
and what it will do. It sounds well, what is the matter with it? 
] presume I shall be taking the bull by the horns when I say it 
is not pedagogical and not scientific. Apply it to sodium and see 
the result. Suppose we change the order of presentation ; sodium 
has certain characteristics, it reacts thus and so, furnishing prod- 
ucts with certain peculiarities. Having studied the compounds 
we can teach why salt occurs in nature, perhaps that it might be 
expected to occur. Now the pupil can undertake to learn how it 
is isolated and the reason for such procedure. This is logical and 
scientific, but, is it practical? In the case of sodium as I have 
outlined it, it is not, for this reason, I have brought no connect- 
ing link between the pupil and the subject and until I can furnish 
such a connection I would not make the element sodium a chapter 
in the course. 

At the Baltimore meeting of the American Association for the 
Advancement of Science there was a rather pessimistic paper on 
the Problems in Science Teaching with especial reference to 
chemistry. Now, I do not think it is a condition to be despaired 
of. I believe we can put a large amount of chemistry, far more 
than we have time for, within the reach of far more pupils than 
at present, if we but step aside from the traditional position and 
look upon the content as the child will. Words, definitions and 
laws contribute nothing. The training that contributes to culture 
and efficiency comes from the content and this must be intelligent 
to the pupil. We know the pupil will not voluntarily respond to 
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the task unless the problem appeals to him as worth the effort. 
The question ever on the lips of the student is, “What’s the use?” 
If we anticipate and find connecting links between the pupil and 
study we will secure his codperation in the beginning and before 
he knows it he will be so hard at work he can’t back out. 

Education must be conservative, it must not react to fads and 
fancies however attractive, but in view of the criticisms of science 
teaching in general, and above all the social needs of our pupils 
demand such change in our methods as will make elementary 
chemistry teaching more efficient and general. There is a de- 
mand for what some call practical instruction. If we examine it 
we find that so far as chemistry is concerned it is not practical 
at all, in that it is a demand to teach technology. It is in the 
power of this society, it is its duty, to pay attention to the way 
chemistry is taught to the masses and not leave it to self-consti- 
tuted authorities. 

I do not advocate bread and butter chemistry, teaching chem- 
istry as a trade or to ape the methods of schools of technology, 
neither would I have it purely informational—many of our text- 
books are merely information. In dealing with students many 
of whom will receive no farther science teaching, I would so far 
depart from the old methods as to teach topics rather than ele- 
ments. Discuss phenomena and problems such as naturally arise 
in connection with subjects in which we are interested. Not ca- 
tering to curiosity yet confining the content to matters which 
the pupil might be expected to comprehend. If the pupil does 
not understand the material before him it is the wrong material 
or wrongly presented. The content should be chosen from the 
side of the pupil regarding his capacity and wants, to develop him 
rather than to develop the subject. The metallurgist does not 
think in atoms, but in tons. The engineer measures pounds, not 
molecular bombardments. Empirical application has nearly al- 
ways preceded pure science. We must teach pupils to think in 
masses before we attempt abstractions ; to attempt both inevitably 
leads to confusion. 

Aside from some sporadic skirmishing nearly all text-books 
get started at the same point, a chemical change and a chemical 
compound. The chemical compound is a substance that has defi- 
nite composition by weight (they always put in the by weight). 
For the chemical change, they are less definite, they do not seem 
to be able to put their meaning in words, they expect the student 
to absorb it from illustrations. For this the sulphur-iron stunt is 
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the most popular. The ordinary pupil knows nothing of sulphur, 
little more than the name of iron, as for the product—the less 
said the better. So far as the experiment is concerned the pupil 
might as well have used glue or sealing wax as sulphur. 

If we want to begin here why not do it sensibly, using things 
and language the pupil can understand? Teach this idea truth- 
fully as you understand it and not rehearse an old formula. If 
this idea of a chemical compound is to be the starting point it is 
better that it be taught in connection with something worth know- 
ing. Take water from the tap, freeze it, you can see segregation 
and changing temperature. separate and refreeze until segrega- 
tion stops and we have constant freezing temperature. Distill in 
same manner. Get pure water. Study its properties. Here is 
the practical isolation of a chemical compound. A chemical com- 
pound is a substance having definite properties. Its composition, 
by weight or otherwise, is but one of its many properties. You 
recognize substances preferably by their physical properties, ap- 
pearance, form, density, melting or boiling points, since these 
are definite. You consider yourself in hard luck if you have to 
determine the composition by weight, in order to identify a ma- 
terial. Since you do not use the definition why insist that the 
pupil start with it? He will never use it. 

In the practical recognition of water, many facts will be brought 
out which will aid later work. Distillation, solidification, boiling 
and freezing temperatures and their variation have been touched 
upon, not made subject of theoretical study or explanation, but 
introduced in such a way that when they come up again the pupil 
will have some facts to bear on the new matter. Instead of being 
disjointed the topical method will find its connections in the 
pupil. It will furnish abundant opportunity for that repetition 
so lacking in our teaching. The same substances and the same 
processes will come up again and again, slightly changed in as- 
pect as seen from a different point of view, but recognizable and 
ever widening the view, contributing to efficiency. 

For many years hydrogen was the first element taken up in 
the texts. Of late years oxygen has moved up to first place. 
It is convenient that the student should know something of oxygen 
early in his course. It is important that what he learns should 
be the truth, and in the beginning confined to what is worth 
knowing. Practically all that an elementary student need know 
about oxygen will come out in its proper place and at its proper 
value if we study, not oxygen, but burning. Oxygen is important 
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not for any properties it possesses as an element but in its re- 
actions with other substances. It is but one of the factors in 
combustion.. Study the process of burning of common fuels, 
solid, liquid, and gas, as we meet them in our stoves, lamps, and 
burners. Find the conditions controlling the temperature or 
light, the products of combustion, their character and disposal. 

Of course this is not a complete study of oxygen; it does not 
pretend to be. It is 2 study of the principles involved in reactions 
in which oxygen is a factor. When new properties of oxygen 
are needed they will easily fall into their proper place among 
these. So we might extend the topics, studying not the elements 
but their applications. Silver, as a metal, should not come in 
the same chapter as photography, but with gold and copper. 
Teach the metals as metals and their compounds where they 
belong. The uses of lead should not be confined to a small 
paragraph at the end of the chapter, but we may start with them 
and ascertain what properties lead possesses that it may be so 
applied. 

In conclusion: The first course in chemistry should be adapted 
so as to be within the capacity of any child in the high school. 

It should be designed for the many rather than the few. 

It should be broad rather than deep. 

Its content should be such as to give a comprehensive view 
of the general principles involved in ordinary chemical phenomena 
and some knowledge of the sources, preparation and utilization 
of commercial products. 

Its method should exercise the pupil in careful habits of work, 
accuracy of observation and truthful expression. 

Its aim should be to promote personal honesty in thought and 
deed, and furnish a workable knowledge of the world. 

For the pupil who will continue in school such a course will 
serve as a foundation for more intensive work. The pupil who 
does not continue will have-had his interests aroused to increased 
efficiency. He will not think that his time was wasted; a mite 
will have been contributed to his happiness. 








612 SCHOOL SCIENCE AND MATHEMATICS 


THE USE OF QUALITATIVE TESTS OF FOODS IN TEACHING 
GENERAL CHEMISTRY.’ 


By Jonn C. OLsEN, 


Professor of Analytical Chemistry in Polytechnic Institute of 
Brooklyn, N. Y. 


A thorough discussion of my subject involves the considera- 
tion of a considerable number of questions with reference to 
the teaching of General Chemistry. In the first place, we cannot 
reach a correct decision with reference to the inclusion of quali- 
tative tests for foods or any of the almost innumerable technical 
applications of chemistry unless we have clearly before us the 
objects to be attained by the study of this subject. 

In the first place, the making of professional chemists is not 
the object of teaching General Chemistry. Even in our colleges 
and technical schools, only a very small portion of the students 
taking general chemistry become professional chemists. Most 
of such students are taking engineering or culture courses. In 
high school classes, an even more minute proportion of the 
students become chemists. The needs of the few who in increas- 
ing numbers do choose this science as a life career must, of 
course, not be overlooked, especially because the inspiration to 
make this choice is often obtained in the general chemistry 
class room. 

On the other hand, chemical principles and facts are of the 
greatest value in many other professions than that of chemistry. 
The lawyer, the physician, the business man, the mechanic, not 
to mention the mechanical, electrical and civil engineer, can 
frequently use to the greatest advantage every scrap of chemical 
knowledge they possess. As one industry after another has come 
under the control of the chemist and as he has produced one 
useful product after another, it has become more and more 
difficult to find a trade or profession to which chemistry is not 
an ever ready handmaiden. Chemistry may, therefore, be said 
to be an essential part of not only a liberal but even a scanty 
education: for who can be said to be educated who has no con- 
ception of the nature and constitution of the material objects 
around him or the proeesses by which almost all of the energy 
at our command is obtained? Let me remind you that this 
includes not only the operation of the steam engine and the 


lRead before the Chemistry Teachers’ Club of N. Y. City, April 2, 1910. 
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dynamo, but the muscular force which wields the shovel and 
the mental energy which directs our complex life and writes 
our literature. The energy for the work of the poet, the artist 
and the artisan is all obtained from chemical reactions. 

In order that the teaching of general chemistry shall attain 
this end, that is, furnish a useful handmaiden for all the 
arts and professions, the conceptions of matter and energy which 
it presents must above all be as true to nature as our present 
knowledge permits. 

This leads to the third object to be attained in teaching the 
science—namely, the develapment of the experimental method 
of ascertaining truth which has enabled us to make the enormous 
strides in the science which will always characterize the century 
in which we live. We are masters of the experimental sciences 
as the peoples of other ages have been masters of art, law, 
religion or literature. As we to-day can hope to equal but not 
surpass the great sculptors of Greece, the law-makers of Rome, 
the artists of the middle ages or the literary productions of a 
Shakespeare, so future ages will consider us the scientific and 
industrial giants who could manipulate the forces and raw 
materials of nature to suit our fancy without looking, consciously 
or unconsciously, to any master of the past for guidance. 

No science is so well adapted as chemistry for giving to the 
rising generation a glimpse of this master spirit of the age. 
Not only is it possible-to give the experimental proof of every 
statement made, but such epoch-making discoveries as that of 
radium and the decomposition of elements are made under our 
very eyes. The daily newspapers announce the discoveries in 
their headlines; and the story of how the startling observations 
were first made may be heard by many of us from the lips of 
the man who made them. “The man on the street” knows under 
these circumstances that chemistry is a living, growing science, 
in which few tenants are final. I fear that the stimulating inspira- 
tion to be found in the study of such a science is frequently 
lost to the high school boy when the teacher of chemistry presents 
as’ a finality the observations and especially the theories and 
deductions of our science. The method of making the observa- 
tions and reaching the deductions and building the theories is 
of far greater value than the facts which we so soon forget 
and the theories which we cast aside almost more rapidly than 
the hard-working teacher can hammér them into the reluctant 
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minds. I am not unaware that this same hard-working teacher 
declares in despair at hearing such a statement that “it is utterly 
impossible to attain any success in teaching a science in which 
such kaleidoscopic changes are possibie. If everything changes 
so rapidly, what can we teach?” I reply, Show your class how 
the kaleidoscope is built and how it works. There will be no 
lack of interest, I assure you. Ist. Teach observation. 2nd. 
Show how theories explain observed facts. We can be perfectly 
certain of observed facts. Our theories must be changed 
as new facts are observed. The composition of water has 
not undergone any change in the last century, and yet the 
early chemists assigned to it the formula HO, while we are 
very positive that H,O is correct. They used 8 as the atomic 
weight of oxygen, while we feel more or less certain that it is 6. 
If we succeed in making a sharp distinction in the consciousness 
of our pupils between the facts observed by their senses and the 
theories evolved by the imagination, we will confer a_ benefit 
which will far outweigh any loss due to many errors in their 
idea of the chemical theories which happen to be in vogue when 
a particular class studies the subject. 

Finally, I wish to say a few words with reference to the 
permanent interest in the subject which should be developed 
during the early instruction in chemistry. No teacher can be 
called successful unless at least a few of those who are instructed 
become so thoroughly interested that they devote their lives to 
chemistry. I believe that the development of enthusiasm for a 
subject is an important part of the work of the teacher, especially 
in the high school. The college, technical school or university 
will readily make up any deficiency which may exist in the high 
school boy’s conception of the atomic theory, the ions, or the 
chemistry of chlorine or any other chemical element. If the 
enthusiasm and interest in the subject are lacking, the high school 
boy may never enter the higher school as a student, much less 
continue his study of chemistry. There is a serious danger to 
the high school student, however, who has spent something more 
than the average time on chemistry in the preparatory school. 
He may enter the college with a greatly eXaggerated idea of 
his own attainments in his chosen subject. It may be necessary 
for the college professor to give him many a fall ere he learns 
his own weakness and limitations, with the loss of much valuable 
time. An important object of the course in general chemistry 
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should be the opening up of the boundless stretches to be 
traversed by him who hopes to make this subject a specialty. 
The testimony of the investigators who have made the longest 
excursions in this branch of knowledge, is that as far as the 
eye can see, there are limitless fields to explore and rich treasure 
to discover. The teacher who can give something of this vision 
to the class in chemistry will find many a volunteer to do explora- 
tion work and will hear no complaint of graduates who think 
they know it all. 

Having given an outline of the objects to be attained by 
teaching chemistry, we are prepared to discuss the means by 
which the objects may be attained. I shall endeavor to show 
how qualitative tests for foods may be used to attain the objects 
which I have outlined. 

In the first place, it is not the object to make food analysts 
of the class in general chemistry. It is not at all essential that 
all the tests for a given food product’ be given or that the test 
as performed be conclusive as to the purity of the food tested. 
For the same reason, the members of the class would not be 
able to undertake the manufacture of sulphuric acid after study- 
ing that very essential subject. In both cases they are amateurs 
who study the applications of the subject on account of their 
interest and delight in the science itself. 

These qualitative tests are of value because they show how 
chemical principles may be applied to practical problems in 
human life. A very simple illustration of this is found in the 
use of the cost of food constituents for the detection of adultera- 
tion. At first sight, this does not seem to be a very scientific 
method of testing foods. But I am willing to assert that it is 
fully as logical and reliable as many chemical tests. We can 
be very certain that a substance will not be used as an-adulterant 
or a substitute if it is more expensive than the article for which 
it is substituted. The assistance given to the chemist by practical 
considerations of this character are often of the greatest value 
and save him a large amount of unnecessary labor. 

Qualitative tests are admirably adapted for stimulating observa- 
tion. The behavior of a given element will be scrutinized with 
unusual care if the object in view is to ascertain if that particular 
element is present in an article of food. It is of the greatest 
importance, however, that the pupil be given the proper founda- 
tion ‘or making a test of an unknown. The behavior of the 
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substance sought for must be first observed by experimenting on 
known substances. The characteristic behavior of the substance 
tested for must be brought out clearly by the comparison of 
material containing it and material from which it is absent. 
The confidence of the pupil in the test must be established by 
applying it to samples in which it is present as well as to those 
in which it is absent. 

If boric acid is the element to be tested for, its reactions are 
first shown, such as flame test and turmeric test. Milk known 
to be pure is then taken and small amounts of boric acid added 
and the test applied and comparison made with the same test 
when applied to the pure milk. The pupil may then be given 
milk which may or may not contain boric acid but of which he 
is ignorant. If he can, by test, pick out the preserved samples, 
he has correctly comprehended the method and will be delighted 
with his skill and knowledge and will have acquired a new sense 
of the constancy of his chemical reactions and will have a 
feeling of mastery of his subject which is very stimulating to 
his work. ‘ 

It may be objected that this method of procedure is too 
lengthy and that the unknown must be given directly without 
the preliminary tests on known samples. I have no hesitation 
in answering that if sufficient time is not available for giving 
the proper preliminary instruction, so that the pupil understands 
clearly what he is doing, then the test should not be given at all, 
as more harm than good is done. Better let him spend his time 
making pie, cake and candy after the manner of the average cook 
without knowing the why of anything done except that the 
product tastes good. 

One of the chief advantages of the use of these qualitative 
tests for foods is to be found in the interest aroused in the subject 
by their introduction into the course. This interest is common 
to the study of all substances entering into everyday use. It 
must by no means be forgotten, however, that this interest can- 
not be maintained when we make such substances the subject 
of study unless we can make a definite addition to the student’s 
knowledge of the substance studied. The most unskillful manipu- 
lation of bromine is interesting because everything about this 
substance is new, but if a common substance like milk be the 
subject of experiment, something new must be presented or the 
subject soon becomes a bore and the class loses respect for 


the instruction. 
(To be continued.) 
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THE TEACHING OF THE SHAPE, ROTATION: AND REVOLU- 
TION OF THE EARTH IN THEIR EFFECTS UPON 
CLIMATE AND LIFE. 


By Harry M. Clem, 
Crane Technical High School, Chicago. 


For a long time in the past, if less in the present, the portion 
of the subject geography that was dealt upon longest and most 
fondly and was teased until it gave up its very minutest detail 
was mathematical. The child was coaxed to try to imagine the 
solar system and even the fixed stars in their inter-relation 
and all the refinements of revolution, inclination, parallelism, 
latitude, longitude were devotedly and devoutly studied. And, 
after all, why? Principally because the astronomers and mathe- 
maticians were the earliest investigators to provide schoolmasters 
with geographical matter for pedagogical purposes. The geolo- 
gist had not revealed many valuable pieces of earth knowledge 
that appealed to the geographer in the grades. The botanist, 
if he knew the geography of vegetation, presented the 
geographer with the mere facts concerning the location of a 
few interesting plants. The zodlogist supplied him with only a 
few descriptions of interesting animals, not recognizing then, 
and scarcely now, that each animal is a denizen of the earth 
and a product to a large degree of his environment. The anthro- 
pologist told him only scattering details of a few peculiar tribes 
or races, and did not then, and scarcely have begun now, to tell 
hifn the geographical reasons why men live and labor as they 
do to-day. Historians only vaguely recognized that the story 
they told was enacted by earth-born men on a terrestrial stage 
whose settings fearfully and wonderfully affect their actions. 
They were a sort of Ben Greet Woodland Players without stage 
accessories. In religious circles faces were lifted skyward and 
there was no Dr. Haddon to proclaim of religion. “No longer 
1s it possible to disassociate religion from geography.” The 
professed geographers themselves were at fault, for they were 
not prepared to define their own subject closely and to suggest 
fruitful lines of research and to demand proper geographical 
data from men working in other lines of science. 

Compilers of text-books, the “mere geographers,” took the 
line of least resistance and emphasized the hint given them and 
went to seed on mathematical geography. The map-makers 
as their art improved came to their assistance, and the location 
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of places helped’out the variety. The problem was a geograph- 
ical discovery that had not yet been made. 

They taught the best they had. To-day, however, the geologist, 
physiographer, botanist, zodlogist, anthropologist, and all the 
other learned investigators, are turning up other geographical 
facts of a flavor as rich or even richer than those of the mathe- 
matical variety. Even such elusive quantities as poetry, art, 
sociableness, mental dispositions, are being subjected to scrutiny 
for the purpose of discovering their debt to geography. The 
facts of climate and of life, plant, animal and human, are now 
claiming attention and warm interest, and mathematical factors 
are taking their proper perspective in the background of all the 
other geographical factors. 

Not long ago a prominent geographer suggested in a private 
ietter that we might even take the question of change of seasons 
for granted, and save the time for other lines of the subject of 
geography. What a long step from the trodden path of mathe- 
matical geography of only a few years ago! And he did not 
make this statement because he is not successful in his teaching 
of the subject. He suggested it because he is full of the new 
thought of geography that life in its relation to physical environ- 
ment is the vital and important line of interest; that a tropical 
forest, a shred of reindeer moss, a sprig of edelweiss, a camel, 
an eskimo, a primitive clay jar, an Arabian lyric, is pretty 
iargely what it is because it exists in a peculiar physical environ- 
ment, where it is ‘affected by such persistent and tangible quanti- 
ties as elevation, light, temperature, wind, humidity, food, etc: 

It is not incumbent upon us, however, to take our shears and 
snip out the mathematical chapters of the geography. They are 
valuable; why not use them properly? Why not take the facts 
of shape, size, and motion of the earth and carry them out into 
their results on climate and life, thereby establishing the funda- 
mental conceptions of geography while the more mechanical 
portion of the subject is being taught? The idea is equivalent 
to that of solving mathematical problems as the characters and 
principles are learned. The teacher will need add only a few 
facts, which are usually left out; he need only make applications 
to climate, life and human culture, as he proceeds with the mathe- 
matical phases of the subject. This brief paper is written for 
the purpose of showing how these fundamental elements of the 
subject may be related to the more vital things of climate and 
life as they come in the province of geography. It may not be 
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new to every teacher, but it is hoped that it may be suggestive 
to many, and it is designed to give the teacher an outlook ahead 
into his subject rather than a set of lessons for any certain class 
of pupils. The teacher may be trusted to present the facts as 
he sees fit and is able to do so. 

There is no doubt that too much time is spent in teaching 
too many refinements in mathematical geography. There are 
numerous schemes for presenting the subject in our pedagogical 
journals, some good, and others useless, or worse than useless. 
Many are timekillers and mental bewiiderments. Any scheme 
or set of directions that leads the teacher to worry the children 
by having them imagine certain sets of complex conditions that 
do not exist merely to show what do exist, does the pupil great 
wrong by adding to the useless complexities of the subject, by 
snapping interest and by wasting precious time. Be direct. 
Teach what is actually true and teach it simply and only in 
such broad detail as is useful in later geographical study, and 
teach it in broad detail only. Refinements and conundrums have 
no place unless the teacher wishes to kill time or desires to gratify 
his own proclivities to indulging in “smoke rings” of mathe- 
matical and astronomic speculation. 

Before giving a prescription for teaching the subject, a few 
observations concerning the aim are in order. The facts of 
the mathematical portion of the subject, however interesting 
they may be, are not being learned by the pupils for their own 
sake. They are to serve as a background to the more vital 
phases of geography—those of climate first, and then those 
of life—plant, animal, and human. For the present the distribu- 
tion of heat is most vital, and depending upon heat and following 
it are winds, moisture, plant, animal, man, and man’s culture— 
a logical sequence that is primarily affected by the shape and 
motions of the earth. A flat earth or a motionless earth, giving 
a different distribution of heat, would change all the other 
factors in the physical environment. 

In order to render the discussion clearer, it will be helpful to 
bear in mind that there are two elements in the problem, both 
of equal importance. They are: 

1. The difference in the heating power of rays of different 
slant when they are of the same cross-section or area. 

2. The earth as to (a) shape, and (b) two of its motions, 
rotation and revolution (with inclination and parallelism of its 
axis). 
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‘THE SuN’s VERTICAL AND INCLINED Rays AND THEIR EFFECTS. 


If the reader will pause to recall what the text-books say of 
the vertical and slanting rays, he will remember that it was 
very meager. They do not enforce the notion that the question 
of the ray is the chief question in the distribution of heat over 
the face of the earth. If the slanting ray were as effective as 
the vertical ray, the entire face of geography would be changed. 
Polar and equatorial regions, other things as they are, would 
be alike; morning could as well be noon, and winter usurp the 
place of summer. But such is not the case, and the difference 
in the heat effects of vertical and slanting rays must be dis- 
tinguished, for they are literally a question of life and death. 
As a single illustration of the effects of the northward and south- 
ward pendulum-like swing of the sun’s rays over the steppes or 
grasslands of Western Asia, Brehm’s picturesque description 
may be quoted: “Perhaps it is not too much to say that the 
contrasts of the seasons are nowhere more vivid than in the 
steppes. Wealth of bright flowers and desert-like sterility, the 
charms of autumn and the desolation of winter, succeed one 
another; the disruptive forces are as strong as those which 
recreate; the sun’s heat destroys as surely as the cold. But 
what has been smitten by the heat and swept away by raging 
storms is replaced in the first sunshine of spring; and even the 
devouring fire is not potent enough wholly to destroy what has 
been spared by the sun and the storms.” The annual variation 
in the slant of the much-inclined ray is the basal cause of the 
terrible cold of north central Asia with its two hours of day- 
light, and of its short, hot summers with twenty-two hours of 
sunshine. 

Without stopping to give devices for teaching the heat value 
of rays of different inclinations, it is sufficient to note that it is 
a question of comparing the areas of cross-sections made when 
a-ray of given diameter is cut across at various angles. A lead 
pencil cut squarely across reveals less surface than when it is 
cut at an angle. A hollow cylinder held so that it is parallel with 
the sun’s ray will cast a round shadow on a piece of cardboard 
held at right angles to it. If the paper is tipped the circle 
becomes an ellipse growing longer as the cardboard is tipped 
at a greater angle. If solio or blue print paper be substituted 
for the cardboard, the time for coloring it will be longer the 
more the paper is tipped from a right angle. The ray as it 
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increases in slant acts on the principle that a given amount of 
butter will be thinner, the larger the piece of bread which it is 
made to cover. With Dr. Goode’s “Sun Board” actual measure- 
ments may be made of the heat value of the ray. 


SHAPE OF THE EARTH IN Its RELATION TO THE DISTRIBUTION 
oF CLIMATE AND LIFE. 


The facts regarding the shape of the earth may be taught 
when the instructor pleases, and how he pleases, for it is im- 
material for our purpose whether he formally pronounces it an 
“oblate spheroid” or unceremoniously dubs it “earth-shaped” 
(A. Murray). But it does matter how he traces its influence 
upon the distribution of light, heat and other geographical ele- 
ments. The pupils having in mind a correct conception of the 
significance of the slant of the sun’s ray, may now be asked, 
“Why are morning and evening of a normal day cooler than 
noon?” The answer will be that the ray is more nearly vertical 
at noon than in the morning or evening, when, indeed, the rays 
are tangent. “Why are the polar regions cold while the equa- 
torial region is very hot?” The question is once more one of 
the slant of the sun’s rays, for the slant of the ray, other things 
equal, is the shorthand expression of the comparative quantities 
of heat received by various localities. The question is raised, 
Why are the rays more slanting at some places than others? 
All the sun’s rays may be regarded as parallel. If the earth 
were flat, then, all the rays being parallel, they would all possess 
the same degree of inclination and all places would be equally 
hot or cold. The present polar and equatorial regions would 
be alike, and morning, noon and evening temperature could not 
exist at the same moment as they do under present conditions. 
But we know that the surface is curved and the pupils may be 
directed to look there for the answer to the last question. Start- 
ing with the point where the ray falls vertically, the surface of 
the earth gradually curves away in all directions, and as it curves 
away the rays grow more slanting. 

At a point one fourth of the circumference (90°) in any 
direction away from the point of contact of the vertical ray, the 
rays become tangent. The polar regions are for this reason, then, 
cooler than the equatorial region, and for the same reason the 
morning and evening points are cooler than the noon point. 
The poles with tangent rays, on the equinoxes, are like the 
morning, and the equatorial region corresponds to noon. The 
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mornings along the equatorial belt are not so cold as the polar 
regions simply because the ray is tangent or nearly so for only a 
few minutes, at any one spot, while it is tangent or nearly so 
at the poles for weeks or months. 

An interesting application regarding the distribution of light 
and heat over the earth can now be made. Let the pupils, Joshua- 
like, command the sun to stand still, or in other words imagine 
that the earth does not rotate (or revolve about the sun) and 
that it remains perfectly stationary for a time without limit. 
This assumption is not difficult, for it is similar to a photographic 
snapshot of a moving body, catching and preserving a momentary 
attitude for all time. The pupil can catch the geographical 
factors in action and can study their work in a simple form 
carried to extremes. 

Since there is only one vertical ray it would remain playing 
for time unlimited on one and the same spot. Shining without 
cessation, it would always be adding more heat than would be 
lost, at least for a long period until the earth would absorb no 
more and a steady flow of heat equal to that received would be 
radiated into space or carried away by the winds. How high 
the temperature would be is a matter of speculation. It certainly 
would become hotter by far than the equatorial region is to-day, 
and it is probable the heat would become unendurable for plants 
and animals. : 

Now imagine rays falling equal distances from the central 
heated spot. A ray falling 23'%2° south of the central hot area 
would have a slant of 66%2°. In like manner would a ray falling 
north or east or west or in any other direction from the center 
have a slant of 66'4°, and the points where these rays fell 
would form a circle. A cylinder set over a globe of larger 
diameter will illustrate the idea. Another case, using miles 
rather than degrees: 2,000 miles south or north or east or west 
or in any other direction, the ray would fall in a circle, would 
be more slanting and consequently yield less light and heat. 
Again, about 6,000 miles in any direction away from the hot 
center the rays would be tangent or nearly so, falling in a circle 
and giving less light and a lower temperature than the other 
steeper rays. 

The teacher should pause here to induce the pupils to imagine 
clearly the situation, for it is important. The pupils might 
imagine themselves far out in space and in line with the sun, 
looking toward the earth at rest, bathed in a cap of light glowing 
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strongest at the central point where the vertical ray falls, and 
diminishing thence equally in all directions until at the edges 
it faded into twilight and finally darkness. Then they can be. 
shown that the temperature corresponds to the degree of light, 
high where the light is strong, low where the light is dim. These 
relations may be shown advantageously on a black globe by 
coloring a spot, say, dark red, shading it off through yellow to 
blue through one fourth of the circumference of the globe. 

We might realize the idea more clearly by using our old terms 
and saying that the heat (and light) is distributed in zones. 
The zones are then concentric rings, the hotter in the center, 
bounded in succession by a cooler and a cold ring, and we 
might speak of them as tropical, intermediate -(temperate) and 
frigid. It must be understood, however, that the temperature 
of these concentric zones is higher than it is in the corresponding 
zones at present. 

On the opposite side of the earth darkness would prevail, and 
the temperature would be very low, far lower than any degree 
of cold that we experience on the earth to-day, but we cannot 
and do not need to be certain of its exact degree. With such 
unequal heat conditions on opposite sides of the earth, the circula- 
tion of the atmosphere would come in for consideration. Leaving 
out chemical changes that such heat might produce, and the 
moisture which would vary as we assumed the presence of 
bodies of water in the hottest zones, the mere question of circula- 
tion would be unique and interesting. Without explaining the 
causes of air circulation in detail, the teacher can depend most 
upon that of unequal heating and can easily make the pupils 
understand it, or he can assume it and state the circulation. 
The intense heat under the vertical ray would expand the air 
and decrease its density, while on the side that endures perpetual 
cold the air would be abnormally dense and heavy. As a result 
air would flow from the cold portions of the globe radially 
into the hot, and there, pushing up the lighter, expanded air, 
would start and continue as upward drafts, which, cooling as 
they rise, would flow radially away overhead to the colder por- 
tions. The velocity of the winds might be very high. The rain- 
fall would be a question of assumption of the area and location 
of land and water bodies. However, the cooling ascending cur- 
rents over the central hot area as in the equatorial region to-day, 
would produce rain if the air contained moisture. Local rainfall 
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would depend upon local conditions which it is unnecessary to 
consider in our general treatment. 

Under such a situation as we have assumed, the conditions 
favoring life cannot be accurately thought out. But we can 
imagine that there will be a different kind of life in each con- 
centric zone as there is at present in our east-west zones. Even 
if our known tropical vegetation could not grow in the hottest 
spot on the earth, the area in the region of the vertical or 
nearly vertical ray, they might possibly grow in a circular belt 
around the most torrid area. At present the tropical zone is a 
belt 25,000 miles long reaching around the earth, but on our 
unmoving earth it is a disc with smaller area. Then outside of 
this warm belt there would be a temperate or intermediate 
ring of vegetation. The zone of wheat and rye and maple and 
oak would run not in two separate belts east-west, one north 
and one south of the equator, but in a ring around the torrid 
belt. The grazing animals such as the cattle, buffalo, guanaco, 
zebra, antelope, and the woodland animals like the wolf and 
fox and black bear, would be herded or hunted in a circular belt. 
So, too, the cities and states of an intermediate belt would run 
about the tropical center. What might be called a frigid zone 
would be the largest ring, fading away into the twilight behind 
the earth, and in it would be found icebergs, polar bear, and 
people living like the Eskimo. 

For the sake of realizing the ideas more fully, let some point 
on the earth be selected as the focus of the vertical ray. Suppose 
Guiana is selected. This region would be far hotter than it 
now is; probably even tropical vegetation could not withstand 
the heat. At the other extreme the tangent or nearly tangent 
rays would fall on N. Canada, Iceland, Central Europe and 
East Africa. The sun would always be low and much of the 
land in twilight. Peary and Shackelton could make what is 
equivalent to Arctic explorations in this cold twilight belt through 
Germany, Palestine and East Africa, where now Roosevelt hunts 
the big game of the savannas and grasslands. The belt of large 
cities would bend southeastward through Spain, Algiers and 
Sahara and West Africa. China would be a land of dark and 
terrible cold, with not a trace of living things. The teacher 
must be cautioned not to make too precise a determination of 
the life of these zones, for we do not have accurate facts in the 
case and are only trying a general hypothetical condition in 
order to see the broad influence of earth-shape alone. 

(To be continued.) 
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PROBLEM DEPARTMENT. 
E. L. Brown, 


Principal North Side High School, Denver, Colo. 


Readers of the magazine are invited to send solutions of the problems in 
which they are interested. Problems and solutions will be duly credited to 
their authors. Address all communications to L. L. Brown, 3435 Alcott St., 
Denver, Colo. 


Algebra. 


207. Proposed by Franklin T. Jones, Cleveland, Ohio. 

Extract the cube root of 2+11V—1. 

I. NSolution by Orville Price, Denver, Colo. 

Let r+Vy=—Wa+ Vb. (1) 
Cube both members of this equaticn ; 

then, since 2°+3a2y+ (327+y) Vy—a-+ vb, 

therefore, #°+3aey—a, and (3a7+y)Vy=vb; 

also, 2°+3aey—(3e?+y) V y=a—V b. 

that is, (e—Vy)*=—a—yb; 





therefore, 2—y y—Wa—y b. (2) 
From (1) X (2) we have 
2*—y—Wa*—b=k, say; 
therefore, y—2*—-k. Hence from 2*+3ry—a we get 
2’°+32(a*—k)—a, or 4a°—3ka—a. (3) 
From this point on there is no general solution, though particular examples 
may be solved by finding a value of @ by inspection from Equation (3). 
For example, to find cube root of 2+-11i; 


a=2, b—=—121, k=4+121—5. 
.. 4e°—15e—2—0. By inspection a—2; the other two values of @ are 
—1, +%v3. 
Hence, y==1, —*/,—v3, —"/,4+- v3. 
Therefore, 
W2+1li=2+i, —1+%V3—(%+4+V3)i, —1I—%V3+(%—V3)i. 
Similarly, 
. ¥2—1li—2—i, —1+%V3+(%+4+V3)i, —1I—%V38—(%—V3)i. 
| II. Solution by H. E. Trefethen, Kent's Hill, Me. 
, Put 2+11V¥—i—e+iy=p (cos 6+i sin 6). 
Then p*=2*+y*—=125, 0=—=+79° 41’ 42.6”, and we have 
V5(cos 26° 33’ 54.2”+isin 26° 33’ 54.2”) 





W2+11V—1= < V5(cos 146° 33’ 54.2”+i sin 146° 33’ 54.2”) 
V5 (cos 266° 33’ 54.2”+i sin 266° 33’ 54.2”) 

Hence the six roots are 2+V—1, —1.866025+1.232051V—i, and 
—0.133975 2.232051 V—1. 
III. Solution by T. M. Blakslee, Ames, lowa. 

Put (7+yi)8=24117. 

Let ++yi=p(cosé+7 sin @), 

and 2+117=p'(cosé’+7 sin 6’). 

Then 6 =3@, and p’=p*. 
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P=V2AHIP=V 125 .*. p= 5, and 22+72=5. (1) 
: 3 Tan 6— Tan °6 
>= = — —~-—, 
Now Tan Tan 36 i— 3 Tan 20 
11 3¢— #8 Pe 
or 2 {—3”” where ¢ = : 


.*. 22—334—6/+11=0. Multiply roots of this eq. by 2, we have 
#, —33¢4,—127,+44=0. Since sum of coefficients equals zero 


t=1; also 4,=16+410)/3. z ==’ =3,8+5)/3, 8-5/3. 


Hence y=}, y=(8+5/) 3)a, y=(8—5V 3). (2) 

From eqs. (1) and (2) we easily find 

w=2, —1+4/ 3,-1-47V 3, 

and y=+1, +(4+)V3),+(4-—V3). 

Since = =4, x and y must have like signs. 

Hence 2+ 11i=2+7, —14+4V3 —(4+V3 i, 1-3V 3 +(4-V3 Di. 

Similarly 

W2—1li=2—i, —14+4)V3 + (44+ 3), -1—-3V3 —G—V 3). 

208. Proposed by H. E. Trefethen, Kent's Hill, Me. 

The quantity of coal consumed by a steamer varies as the cube of her 
speed, being 1.5 tons an hour when the speed is 15 miles an hour. If coal 
costs $4.50 per ton and the other expenses are $4.00 an hour, find the least 
cost for a voyage of 2,000 miles. 

Solution by the Proposer. 

I. Let @ be the steamer’s speed in miles per hour. ‘Then 2000/a— 
number of hours for the voyage, ka*=2'/2250 — number of tons of coal 
consumed per hour. (#°/2250) (2000/2) (9/2) = cost of coal in dollars, 
4(2000/r2) = other expenses. Hence the total expenses for the voyage = 
427+8000/r. Put 22—z and 8000—a*. Then we have (z2*+2a'*)/z-— 
(2—a)? (z+2a) /z-+3a? to be made a minimum. Since a is positive, the 
last fraction is positive for all positive values of z. Hence. if (z—a)? 
(z+2a)/e = 0. we have z=-a=—20. r=—10=the speed. and 3a?= 
$1200 = least cost for the voyage. 

II. With the same notation as above. put 2°+2a*) /z—u=—min. 
e*—uz+2a=0. By Cardan’s formula, -=(—a’+ Va"—u'/27)*% + (—a’— 
Va'—w/27) 4. From the discussion of Cardan’s solution we know that 
according as a°—u'/27<, =, or > 0, the three roots are real and unequal, 
two of the roots are equal, or two are imaginary. In the first case there 
can be no maximum, since u may increase without limit. The second and 
third cases show that u is a minimum when a*'—z'/27—24, for if smaller the 
two equal positive values of z become imaginary. Therefore, u=—3a*— 
$1200. 

ReEMARK.—F or other methods of solving see p. 598 of the magazine for 
June, 1909. 

A graph of the equation 2*—uz+2a*—0 will aid in making clear the 
relation of the roots to the minimum. In plotting the graph, make 100, or 
200, units on the u axis = one unit on ‘the z axis. 

III. Solution by I. L. Winckler, Cleveland, O; W. B. Borgers, Grand 
Rapids, Mich. 


As above, 427 + = total cost of trip, which must be a minimum. 





te 
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.". the first derivative of this function must equal zero. This gives 8% — 
8000 _ 0 
ar =0. 

=: Cs = 2, 8000 

.". ©=10. Since the second derivative is positive for #=10, 42*%+ = 


is minimum for this value of +. Hence minimum cost of trip is $1200. 


Geometry. 


199. Proposed by I. L. Winckler, Cleveland, O. 
If ABCD is a cyclic quadrilateral, prove that the centers of the circles 
inscribed in triangles ABC, BCD, CDA, DAB are the vertices of a rectangle. 


I. Solution by H. EB. Trefethen, Kent's Hill, Me. 

Bisect the ares AB, BC, CD, DA at E, F, H, I. Then the arcs 
(EF+HI)/2—90°. ..EH and FI intersect at right angies. 

Let O, P, Q, R be the centers of the circles in order. AF bisects BAC 
and passes through O, DF bisects BDC and passes through P, ete. BOF= 
OAB+OBA=—OBC+FBC—OBF. .. FO=FB=FC. Likewise, FP=— 
FC—FO. 

Since FO=—FP and FI bisects AFD, OP is perpendicular to FI. Like- 
wise QR is perpendicular to FI, and also PQ, OR to EH. Therefore, 
OPQR is a rectangle. 

II. Solution by A. W. Rich, Worcester, Mass. 

Let N, O, P, M be the centers of the circles in order. To prove MNOP 
a rectangle. Take E and F, middle points of arcs CD and BC respectively, 
and represent arc CD by 8S, AD by H, AB by K, and BC by R. Draw 
lines PC and DO. By extending CP and DP to circle, we easily prove 

ZDPC=}(H+K+R)+4S. Also 2DOC=}(H+K-+R)-+4S. 

*, ZDOC=ZDPC. E is center of a circle passing through 

C, O, P, D. Likewise F is center of a circle passing through 

B, N, O, C. Hence we easily find 

£COP=4(S+H)+2(R+K), 

£CON=}(R+K)+#(S+H). 

T 


.. ZCOP+ Z CON=3(R+K)+3(S+H) =3 - 5 


. ZNOP=~. Similarly for other angles of MNOP. 


2 
Hence MNOP is a rectangle. 
209. Selected. 


A, B, C are three fixed points. Describe a square with one vertex at A, 
so that the sides opposite to A pass through B and C. 

I. Solution by H. EB. Trefethen, Kent's Hill, Me. 

Ow BC as diameter describe a circle. Let DD be the end points of 
the diameter perpendicular to BC. Join AD, cutting the circle again in D’. 
If D and D’ are on opposite sides of BC, AD’ is a diagonal of the required 
square. The proof is easy. 

I. If A=90° (and hence point A on the circumference) and the angles 

(1) B=, there are three solutions; , 
(2) B and C unequal, no solution is possible. 
II. If A<90° (and hence A outside the circle) and 
(1) neither B nor C < 45°, there are two solutions; 
(2) BorC < 45° but neither > 135°, one solution; 
(3) either B or C > 135°, no solution is possible: 
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III. If A>90° (and hence A within the circle) and 
(1) neither B nor C > 45°, there are two solutions; 
(2) either B or C > 45°, there is only one solution. 

Hence, if the point A is on D, three solutions, one the inscribed square 
ABDC, the other two equal squares with AB, AC for diagonals and each 
a quadrant of the circumscribed square; if A is on any other point of the 
circumference the square reduces to a point; if A is in the vertical angle 
opposite DBD or DCD, no solution; if A is in the square BDCD or in 
the vertical angle opposite BDC, two solutions; if A is outside the square 
BDCD and between two of its opposite sides produced, one solution. If A 
is on a side of BDCD or a side produced, the number of solutions is the 
same as for the adjacent region having the larger number, and a side 
opposite to A passes through both B and C. It will be observed that if 
A, B, C are collinear and A outside BC, no solution is possible, but if A 
is between B and C the two required squares are equal, AD being the 
diagona! of each square when A is the center of BC. 


II. Solution by G. B. M. Zerr, Philadelphia, Pa. 


Let A be the origin of codrdinates and let B, C be denoted by 
(a,b), (e,d) respectively. 
Let y—b—m(ar#—a) be the equation to a line through B. 


Then y—d=—~" (2c) is the equation to a line through C perpendicular 


to the first line. 


b—ma , . 
—=—— = distance from A on line through B 
V 1+ 
adm+c . - 
es = distance from A on line through C 
V1+m2 
b—-ma _ dm+c 


Vien V1+n8 


Hence m = o—e and the problem is solved. 


Credit for Solutions Received. 


Algebra, 196: A. W. Rich. (1) 

Algebra, 197: A. W. Rich. (1) 

Geometry, 199: G. I. Hopkins, A. W. Rich, H. E. Trefethen. (3) 

Algebra, 201: G. E. Butterfield, M. H. Pearson, A. W. Rich, Orville 
Price. (4) 

Algebra, 203: A. W. Rich. (1) 

Geometry, 204: M. H. Pearson, A. W. Rich. (2) 

Algebra; 207: T. M. Blakslee (four solutions), W. B. Borgers, H. C. 
Feemster, Richard Morris, A. W. Rich, H. E. Trefethen (two solutions), 
I. L. Winckler, G. B. M. Zerr. (12) 

Algebra, 208: W. B. Borgers, H. C. Feemster, J. M. Kent, A. W. Rich, 
H. BE. Trefethen, I. L. Winckler, G. B. M. Zerr. (7) 

Geometry, 209: L. E. A. Ling, M. H. Pearson, J. M. Townsend, H. E. 

"Trefethen, I. L. Winckler, G. B. M. Zerr. (6) 

Total number of solutions, 37. 


ey 





———— 
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PROBLEMS FOR SOLUTION. 
Algebra. 


217. Proposed by W. T. Brewer, Quincy, Ill. 
Solve for 2, y, and z: 


8e2+S8v 2y+7y—600 (1) 
62+8V yz+Ty=520 (2) 
2+3yv ez+32—210 (3) 


218. Proposed by J. A. Hardin, Ft. Bliss, Tez. 


| Tass | 17 
If #=7+4yY 2, and y=4] 25 + 2 Vik \ 25 — 2 v2, 


show that 2y°=—=2’y 17*—<*. 


Geometry. 


219. Proposed by M. H. Pearson, Montgomery, Ala. 

Construct a triangle, given the altitude, the median, and the angle 
bisector, all from the same vertex. 

220. Proposed by G. B. M. Zerr, Philadelphia, Pa. 


If c = chord and h = height of a segment of a circle, prove the following 
approximation, given in works on mensuration: 
24ch+h'/2c—area of segment. 


Editorial Note.—We desire to make this department of our Journal 
invaluable to its readers. To this end contributors and readers are 
urged to send to the Editor any criticism or suggestion that might be 
helpful. Have the problems already given been sufficiently practical, 
real, or interesting? Have they been too abstruse or too simple? 
Would it be worth while to publish occasionally the solution of some 
special problem or some short discussion? Should more time be given 
for solution of problems? Only through the advice and codperation 
of those interested in this work can we hope to determine what class 
of problems will meet the needs and pleasures of the greatest 
number of our readers. Let us hear from you. 





Tungsten filaments are commonly made by mixing the metal in a paste 
that is then extruded in the form of a filament, after which the paste is 
expelled and the particles of metal are welded together by an electric 
current. This complicated method of forming the filaments is due to the fact 
that tungsten is not sufficiently ductile to be drawn out into fine filaments. 
An English concern has just discovered a method of producing drawn 
filaments of tungsten, and the General Electric Company has also just 
announced the discovery of a method by which tungsten may be rendered 
sufficiently ductile to permit of its being drawn into fine wires. The drawn 
tungsten filament is stronger than the filament made by the “sintering” 
process. 





630 SCHOOL SCIENCE AND MATHEMATICS 


SCIENCE QUESTIONS. 


By FRANKLIN T. JONEs, 
University School, Cleveland, Ohio. 


Readers of ScHooL SCIENCE are invited to propose questions for solution 
—scientific or nedagogical—and to answer the questions proposed by others 
or by themselves. Kindly address all communications to Franklin T. Jones, 
University School, Cleveland, Ohio. 


Questions and Problems for Solution. 


32. Proposed in the New York Sun. 

What difference would there be in the weight of a perfectly air-tight 
bird cage, depending on whether the bird were sitting on the perch or flying 
about? 

33. From an examination paper of Lake View High School, Chicago. 

A bullet, the mass of which is 30 gm., and which is moving with a 
speed of 310° cm. per second, strikes a piece of wood and penetrates 
10 cm. What is the wood’s resistance to penetration? Give answer in 
joules. 

Solutions. 


[Problems 21 and 22 were solved by Edmund G. Farrand, Penacook 
(N. H.) High School. These solutions were received too late to be 
published in June. Because of their excellence, in particular with respect 
to form, his solution of Problem 21 is here given exactly as submitted. 
Clear-cut reasoning of this kind is a thing to be sought in the study of 
physics.—-Eb. ] 

Physics Example No. 21. 

A grocer has a platform balance the ratio of whose arms is 9 to 10. 
If he sells 20 pounds of merchandise to one man, weighing it on the right- 
hand pan, and 20 pounds to another, weighing it on the left-hand pan, what 
per cent does he gain or lose by the two transactions? 

Draw a line AB to represent the balance, the arms of which are supported 
by and rotate about O. Then arm AO : arm BO =9 : 10 (Hyp.). In the 
first transaction the merchandise is weighed on the right-hand pan, B, and 
then it is balanced by 20 pounds of weights at A. 

Let z represent the weight at B. 

Then, 102 = the moments of force at B. 

9 X 20= the moments of force at A. 

But the moments of force at B equal those at A (Hyp). 

10a—9 X 20180. «a—I18 lbs. 


In the second transaction, let 2 — the weight of the merchandise. sold. 
The goods when placed on the pan at A are balanced by 20 Ibs. of weights 
at B. 


Then, 9a°=——the moments of force at A. 
10 X 20== the moments of force at B. 
92’—10 20—200. (Hyp.) «#’=—22.2222+ Ibs. 





x 18.0000 Ibs. 
2’==22.2222 Ibs. 
Adding, 40.2222 lbs. = total amount sold. 





2 < 20 Ibs. = 40 lbs. = the amount paid for. 
40.2222 Ibs. — 40 Ibs. = .2222 lbs. = amount not paid for. 
.2222 


40 
Hence, he loses .55°% by the two transactions. 


[Additional solutions of Problems 27 to 31 are desired.—Ep.] 


=.0055 —.55% of the total amount sold which is not paid for. 
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The College Entrance Examinations in Physics. 


So much has been said and written on this subject that it may justly 
be regarded as decidedly threadbare. Much of the criticism has been 
aimed at the questions set by the College Entrance Examination Board 
and in particular at the supposed methods and standards according to 
which the papers are marked. As far as the writer knows, no consistent 
attempt has been made to determine what kind of an answer paper a 
candidate may be expected to hand in. In the hope of gaining some light 
on this point it is proposed to print in the succeeding months some sets 
of college entrance questions. Teachers are requested to have some of 
their competent pupils write out answers and send them in. It is expected 
that some of these papers will be published. 

The first set of questions given below was submitted in June, 1910, by 
Sheffield Scientific School. The candidate was supposed to finish in one 
and a quarter hours and to stand at least 2 on the scale of 4. 


Sheffield Scientific School Entrance Examination, June, 1910. Physics. 


1. A balloon contains 1,000 cubic meters of a gas whose density is 
0.000092 gram per cubic centimeter. Taking the density of air as 0.0013 
gram per cubic centimeter, calculate the total weight which the balloon 
will lift. 

2. A 15 gram bullet is shot with a muzzle velocity of 600 meters per 
second. What average force must have been applied for a distance of 75 
centimeters to impart this velocity? 

3. What will be the effect on the pitch of a musical string of halving 
the length? What the effect of doubling the tension? What the effect of 
doubling the mass per unit length? 

4. Explain how a quantity of heat may be measured. State the value 
of the mechanical equivalent of heat and explain what it means. 

5. Show how a simple lens may be used as a magnifier. 

6. What are polarization and local action in a voltaic cell? How may 
each of these effects be prevented? 

7. Describe the essential parts of a magneto, a motor, and a dynamo. 
Explain the purpose which each part serves. 


During the manceuvers of the United States Army in Grant Park, on the 
lake front of Chicago, early in July, the great temporary amphitheater, 
capable of seating over 40,000 people, was illuminated by means of hundreds 
of flaming arc lamps, so that the performances could take place during the 
evening as well as in daylight. 


Professor Herbert Brownell has accepted a position in the Teachers’ 
College of the University of Nebraska, and entered upon his new work 
at the beginning of this school year. He will direct the training of the 
teachers in the physical sciences to the needs of the secondary schools. 
He is well fitted for this position, having taught successfully in the Peru 
State Normal School for seventeen years. Throughout the state he is 
well known, and from this new field of labor will exert a strong influence 
on the teaching of the physical sciences in the secondary schools. 








632 SCHOOL SCIENCE AND MATHEMATICS 


REAL APPLIED PROBLEMS IN ALGEBRA AND GEOMETRY. 


COMMITTEE ON INVESTIGATION: James F. MILLIS, Chairman, Francis W. 
Parker School, Chicago; Jos. VY. Cotxins, State Normal School, Stevens 
Point, Wis.; C. I. PatmMer, Armour Institute of Technology, Chicago; E. 
FISKE ALLEN, Teachers College, New York; A. A. Dopp, Manual Training 
High School, Kansas City, Mo. 


Teachers are urged to use the problems printed in these columns, with a 
view to determining their adaptability for use in classes in secondary 
schools. 

Copies of the problems printed in these columns up to November, 1909, 
may be obtained in pamphlet form for class use by writing to Miss Mabel 
Sykes, Secretary of the Mathematics Section of the Central Association of 
Science and Mathematics Teachers, Bowen High School, Chicago, or to 
ScnHoot ScreNcE AND MATHEMATICS. 


Problems. 


By Miss Marie Gugle, Central High School, Toledo, O. 

The following problems are some of the practical problems of geometry 
encountered by one of the boys of the 
Central High School, Toledo, O., who 
does an extensive business in making and 
selling pennants. 

1. A designer, in making a pennant, 
must make one in the same proportion as 
a given one, but larger. Find AB, if CD= 
36”, A’B’—43”, and C’D’=—20”. f 

2. In drawing a pattern for a pen C’ 
nant, where the end is of a different color from the point, the designer 
must find the correct slant in 
order to have the pieces fit. Given 
AB=72”, DB=—24”, Daz—8”, and 
CB=18", to find Cy. 

(Draw Ma!||CB and My!||AB.) 

3. To cut from a piece of felt 
a pennant in the most economical 
! way, how will the designer true the 
end’ If AyC is an isosceles triangle, AC—36”, and BC=—=17”, find the 
length of zy. 












































A 





4, To place a block letter in the center of a square pillow top. How far 
from each corner will the designer measure to the edge of the letter, if 
the pillow is 20” square, and the letter is 10” square? AB—20” and 
CD=10”. Find Bz. 














| 
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| 
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This boy uses his knowledge of geometry in designing the letters for his 
pennants. The next problem is one illustration. 
§. Given the points A, B, C, and D, in a 
letter A; find the centers for constructing the 
arcs AB and CD. 
By Miss Lida C. Martin, High School, 


Y /D Decatur, Il. 
One of the schoolboys who works in a bridge 
A c factory had to solve the following problem. 


6. The figure is the diagram of a part of the side of a bridge. The 
point C must be located on AB and on DE, 
where the holes must be bored to fasten the F 
brace AB to the upright DE. Required to 
find the lengths of AB, 2, y, and z, in order 
to locate C. 
SuccesTion.—After finding AB, compare | 

| 
to 
| 


c—-—-— 4 [s*— ——-> 


° 


: .8 





triangles ACF and ABG. 

By James F. Millis, Francis W. Parker 
School, Chicago. 

In the manufacture of many kinds of 
articles of common use from sheet metal, such 
as can lids, pans for cooking, various sorts of 
metal boxes, etc., first a circular piece of 
metal, called a “blank,” is cut from a flat 
sheet of it, and then this is pressed into the 
form of the required article by means of a 
“die.” The diameter of the blank from which | bs 
any article of given dimensions is to be made “"~2 ta —*—-- 2 —-* 
must first be computed. In this computation it is assumed that the total 
area of the finished article is equal 
to the area of the blank from which 

. : itismade. This theoretical diameter 
of the blank has to be modified by trial, due to the stretching of the metal. 

7. The lid for a three pound lard bucket is 5 in. in diameter, and % in. 
deep. Find the diameter of the blank from which it is made. 

SUGGESTION.—The total area of the lid is the sum of the area of a 
circle and the lateral area of a cylinder. 

8. A Rumford Baking Powder can lid is 3 in. in diameter and % in. 
deep. Find the diameter of the blank from which it is made. 

9. The lid of a Manor House Coffee can is 4 in. in diameter and % in. 
deep. Find the diameter of the blank from which it is made. 

10. The lid of a “Shinola” shoe-polish box is 25% in. in diameter andi 
34 in. deep. Find the diameter of the blank from which it is made. 

11. A biscuit cutter, made from one piece of metal, is 2% in. in 
diameter and 1 in. deep. Find the diameter of the blank from which it is made. 

12. A stew pan is 6% in. 
in diameter at the bottom, 8% 
in. in diameter at the top, 3 in. 
deep, and has a flange at the 
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top % in. wide. Find the diameter of the blank from which it must be 
made. 

SvuecesTIon.—The total area of the pan is made up of the circular bottom, 
the lateral area of a frustum of a cone, and the area of the flange, which 
is the difference between two circles. 

13. A dishpan is 13 in. in diameter at the bottom, 17 in. in diameter 
at the top, 5% in. deep, and has a flange at the top % in. wide. Find the 
diameter of the blank from which it must be made. 

14. A pie pan is 6% in. in diameter at the bottom, 8 in. in diameter 
at the top, 1 in. deep, and has a flange at the top % in. wide. Find the 
diameter of the blank from which it must be made. 

15. A brass bowl is in the form of a hemisphere. Its diameter is 
8 in. Find the diameter of the blank from which it is made. 

Nore.—It is interesting to know that door hinges and various kinds 
of hollow cylindrical metallic tubes are manufactured also from sheet metal, 
by bending the flat sheet metal into the required forms and dimensions 
in dies. The principle that the total area of the finished article equals 
the area of the blank from which it is made applies here also in the 
computation of the sizes of blanks. Numerous problems of the types that 
men have to solve may be made up by the teacher from the facts here 
stated. Thus, measure the sizes of door hinges, and compute the widths 
of blanks from which they must be made. Compute the dimensions of 
blanks from which brass curtain rods are made, ete. 





All particulars, especially the localities of the discoveries in China, are 
naturally withheld by the combine. Should the mining of the potassium 
salts in China be successful, the western part of America will first come 
in question as a consumer. The salts could be delivered there very cheaply, 
as the wages of labor in Chinese mines are one tenth of those in German 
mines, and especially the cheap ocean freight to the west coast of America 
will be an important factor. 





Pan amalgamation tailings usually contain considerable quantities of 
floured quicksilver and various compounds of mercury resulting from the 
chemical reactions which take place in the pans. If these tailings be 
treated with cyanide a considerable percentage of the quicksilver will pass 
into solution and be precipitated in the zine boxes. To recover the quick- 
silver it is first necessary to refine with sulphuric acid, after which the 
precipitate is retorted when the quicksilver is volatilized and recondensed. 
In the treatment of the old Comstock tailings by cyaniding the quicksilver 
recovered formed an important item. 





‘The materials grouped under the head of mineral paints include such 
iron ores as are ground and used in the manufacture of metallic paints: 
ochres and other clays rich in iron, which are used for the yellow and 
brown pigments (ochre, umber, sienna), and which are occasionally roasted 
to give red pigments; and fine-grained slates and shales of attractive colors, 
which are ground for use as paints. Many other minerals or mineral 
products are used in the paint trade, such as graphite, chrome, whiting, 
tale, asbestos, and barite. Other paints, as venetian red, litharge, white 
lead, orange mineral, etc., are purely chemical products.. Zinc white is 
made directly from the ore without previous metallurgical processes. 
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THE BUREAU OF MINES. 


The act establishing a Bureau of Mines in the Department of the Interior, 
approved May 16, 1910, became effective July 1. As originally approved, 
the law contemplated the transfer of the entire technologic branch of the 
United States Geological Survey, the mine accident investigations, fuel 
investigations, structural materials investigations, the entire personnel, 
property and equipment, to the Bureau of Mines, but the Sundry Civil 
Appropriation Act, approved June 25, amended the law to such an extent 
that the structural materials investigations, including the personnel and 
equipment for these investigations, went to the Bureau of Standards, De- 
partment of Commerce and Labor. 

Carrying out the spirit and intent of the law so amended, the Secretary 
of the Interior has transferred to the Bureau of Mines the investigation of 
‘mine accidents and fuels, together with the personnel and equipment of 
these investigations, and has transferred to the Bureau of Standards the 
structural materials investigations and the employees of the Technologic 
Branch of the Survey engaged in these investigations. The fully equipped 
testing station at Pittsburg also goes to the Bureau of Mines. 

The work of the Bureau of Mines for the first year will be a continuation 
and expansion of the work carried on by the Technologic Branch of the 
Geological Survey. The law in itself provides for a variety of other 
problems that properly belong to the Bureau of Mines and which should 
eventually be undertaken, such as methods of mining and metallurgical 
processes. 

The mine accident investigations, which have been transferred from the 
Geological Survey to the Bureau of Mines, were first authorized in the 
legislative appropriation act of May 22, 1908, carrying for this purpose 
an appropriation of $150,000. This was followed by a similar appropriation 
carried in the act for the sundry civil expenses of the government for 1910. 
A mine experiment station was established in Pittsburg during 1908, at 
which, since that time, investigations of explosives, coal gas, dust, electricity 
and other possible causes of mine explosions have been continually under 
way. 

The fuel investigations under the Geological Survey and which are 
transferred to the Bureau of Mines have alivady resulted in a bette: 
realization throughout the country as to the value of fuels. One result of 
this work is that nearly all of the fuel now purchased by the federal govern- 
ment is bought on specifications and subject to test by the fuel division, or 
purchased after examination made of the coal supplied by the mines from 
which coal is delivered to the government. 

The publications of the Survey relating to mine and fuel investigations, 
those prepared by the Technologic Branch, will in the future be distributed 
by the Bureau of Mines. The publications relating to structural materials 
will continue to be distributed by the Geological Survey. 





In order that the work on the Gatun dam of the Panama Canal may be 
accelerated, labor being continued night and day, this part of the great under- 
taking has been lighted so that there is no interruption of activities. The 
illumination is caused by sets of flaming arc lamps strung between the 
towers of the three cableways which are used to handle the materials of 
construction. Searchlights are also used to throw pencils of light along 
work. The lighting is so efficient that the workmen prefer the night shifts 
to those of daylight when they are obliged to endure the hot rays of a 
tropical sun. 
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FROM A LABORATORY NOTEBOOK. 


By JAMes HENRY WILLOCK, 
Troy, New York. 


No claim whatever of originality is made for any of these laboratory 
helps. They were gathered here and there in my reading and gleaned from 
observation in many laboratories. For this reason acknowledgment is 
impossible, since by far the most have been simply “passed on.” Each 
has helped me in my science teaching, and the fact that my notebook has 
been helpful to other young teachers of my acquaintance, leads me to 
believe these excerpts may be of wider interest. 


SToprper FOR EVAPORATING FLASKS. 


To evaporate rapidly and keep dust out of the flask, this device is useful. 
A two-hole cork or rubber stopper is fitted into the neck of the flask. 
Through one hole is led a tube connected with a clean air supply. This air 
passing slowly into the flask drives the steam out through the other hole, 
into which may be placed an elbow-shaped glass tube. 


ABSORPTION TUBE. 


This is simply a glass tube about 10 cm. long drawn to small diameter 
at both ends, though left open to permit the passage of gas through it. 
At either end glass-wool is plugged, the space between is filled with P,O, 
or CaCl, Never forget to be uniform in the use of drying agent in a set 
of apparatus. Use one or the other consistently. 


REDUCER. 


To connect rubber tubing of different diameter, the simple device of a 
piece of glass tubing drawn out at both ends to small diameter readily 
solves the difficulty. If rubber tubing be moistened it slips over glass tubing 
readily. 

To CLEAN MERCURY. 

First Method.—Filter through a strong paper funnel, having a pinhole 
at the apex. Mercury filtered in this way is quite free from dust. 

Second Method.—Shake up with powdered sugar, then filter as above. 

Third or Nitric Acid Method.—Cover the mercury with some dilute nitric 
acid, to which a little HgNO, has been added. Stir from time to time. 
Filter through a separating funnel. 

A solution of mercurial nitrate is prepared by dissolving mercury in 
nitric acid, and is added to the impure mercury which should be contained 
in a shallow porcelain dish. The action of the liquid is to give at once a 
perfectly pure appearance to the mercury, but it will be necessary to leave 
the materials in contact for several weeks, stirring from day to day, before 
the metallic impurities will entirely leave the metal and enter into solution. 
When the process is judged complete, the solution should be filtered through 
a separating funnel. 

These methods are sufficient for a time. At last, to obtain mercury 
quite pure, recourse must be had to re-distillation. 


To CLEAN Guass PERFECTLY. 


Make a strong solution of potassium bichromate. To this about half the 
quantity of concentrated sulphuric acid is cautiously added. To this 
mixture add an equal volume of water. Glass slips or cover glasses should 
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be kept in this a short time, rinsed thoroughly in pure water and dried 
with a cloth or wash leather. 
For ordinary purposes alcohol of usual strength will serve. 


To REMOVE PAINT. 


Make a mixture of equal parts of alcohol and chloroform. This will also 
remove wagon or carriage grease. 


To Remove A TENACIOUS PRECIPITATE. 


This is readily and simply done by filling the vessel with a solvent and 
allowing it to stand inverted for a time. Naturally, the more saturated 
part of the solution sinks to the bottom, allowing fresh solvent to act. 
This will save much time and labor. 


ELeEcTRIC AMALGAM. 


This is made by placing one part of tin and two parts of zinc in a 
crucible, just fusing, and then adding six to eight parts of mercury. Stir 
while cooling, and then reduce mass to powder. It may be mixed with 
lard and applied to the rubbers, or the rubbers may be smeared with lard 
and the amalgam sprinkled over it. 


DISSECTING SALT. 
Pulverize separately, then intimately mix, equal parts of white arsenic 
and alum. Label Porson. 


Wax For GLAss JOINTS. 


Three parts of vaseline to one part of beeswax. Melt separately, then 
melt together. 


StTor-cock GREASE. 
Four parts vaseline, one part rosin, one part paraffin. Melt together 
thoroughly. 
FoRMULA FOR PREPARING ALCOHOLIC SOLUTION OF DESIRED STRENGTH. 
Where z—volume required, 
a='% of solution required, 
x— “ b=% of solution used, 
> c=volume stock solution used. 
CARBOLIZED WATER. 
This is simply a 2% solution of carbolic acid in water. 
When boring rubber stoppers, wet the cork borer with ammonia. 
Vanadium salts make good indelible ink. 


To make an air-tight joint between glass and rubber, smear glass with 
castor oil, which will not act on the rubber, and make fast with a rubber 
band. 


Use acetone instead of alcohol for drying apparatus; the advantages are 
cheapness and efficiency. 
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CONSTRUCTION OF A SIMPLE ELECTROLYTIC 
INTERRUPTER.' 


By Georce F. Worts. 


The electrolytic current interrupter described here may be used in place 
of the troublesome vibrator on spark coils. It is to be operated on 50 to 
220 volts direct or alternating current. The interruptions obtained with 
this type of interrupter are very high, being in the neighborhood of 1,000 
per second. 

The electrolyte and electrodes are contained in a wet battery jar. A wood 
plug should be turned to fit tightly in the top of the jar, and boiled 

thorougily in paraffin to protect it from 

the acid fumes. A glass tube 6 inches long 

with an internal diameter of 4% inch should 

be procured, and a hole slightly larger than 

the external diameter of the tube bored 

through the center of the wood cover. The 

tube is held in position by a heavy brass 

spring pressing against it. For the anode 

a \%-inch round brass rod should be straight- 

ened, so as to slide very easily through the 

/ glass tube. One end of the rod should be 

. > squared off, and the other end threaded and 
a tapped brass ball fitted to it. This weight, 
by gravitation, feeds the rod into the solu- 
tion as it is used. One side of the ball should 
be tapped and fitted with a binding post 
for connecting purposes. The cathode con- 
sists of a lead strip, 6 by 1 by % inch, sus- 















































2 , pended in the solution from a machine 
=| == aad screw, the threaded end of which terminates 
—— | —— 4a——_—_—_--—f_ in a binding post for connections. To as- 
—— — —-f#a———-—-4 semble: Fill the jar a third full with a 
——U—- - ——-—--4 10 per cent solution of sulphuric or nitric 


acid; place the wood cover on firmly, lower 
the glass tube through the hole till it is % 
inch from the bottom of the jar, and tighten the spring against it. Then put 
the rod through the glass tube till it is resting on the bottom of the jar. In 
use, when the circuit through the apparatus is closed, non-conducting bubbles 
form and break on the anode, thus interrupting the current. If the inter- 
rupter is used on alternating current, the anode will wear down quickly. 
Connections using alternating current are identically the same as direct, but 
without regard to polarity, as alternating current constantly reverses poles. 
If intended for continuous work, the electrolyte should be cooled by running 
water through a coiled glass tube in the bottom of the jar. This interrupter 
will successfully operate coils from the small sizes up to the 10-inch size, 
and is especially desirable in wireless telegraphic transmission, as it aids 
materially in the production of a penetrating, high-frequency wave. 





lscientific American. 
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DEVICE FOR TESTING ELECTRIC WIRING.' 


By Howarp M. NICHOLS. 


In testing electric wiring for open circuits, grounds, or short circuits, 
it is often necessary to skin the insulation from the wires under test, in 
a number of places, so as to connect them to a magneto or other testing 
device. The accompanying illustration shows a device which does away 
with this necessity; for it contains a sharp needle point, which can be 
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easily pushed through the insulation until it makes a good electrical contact 
with the wire within. The device is made out of a hard wood handle, bored 
throughout its whole length to the diameter of flexible lamp cord. The 
small end is then counterbored to a larger diameter and a plug is made 
that will drive tightly into the counterbore. The next step is to procure a 
large-sized sewing needle, which is driven through the plug as shown in 
the sketch. The eye end of the needle is soldered to a length of lamp cord 
which is passed through the handle. The plug is then driven into place and 
the testing handle is ready for use. 








, 
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GEISSLER TUBES FROM ELECTRIC LIGHT BULBS.’ 


By JAMes BAILey. 


Many people have wished to perform experiments with Geissler tubes, 
but owing to their high cost have not been able to do so. 

By the following simple and inexpensive method anyone who possesses a 
one-inch, or larger, induction coil can make a very good substitute for a 
Geissler tube from any of the standard electric light bulbs. Burned-out 
lamps or lamps in which the filaments are broken give the best results, and 
can be had for next to nothing. The effect is much better if the filament 
is broken into fine pieces, as it then does not interfere with the discharge 
in the bulb. Metal filaments can easily be broken by striking the lamp 
with the hand, but in carbon lamps the filament is sometimes so tough that 
it cannot be broken without injuring the bulb. 

First make a cone-shaped lump of sealing-wax with a wire or a pin 
through the center, as shown in Fig. 1. Then heat the bulb enough to 
make the wax stick to it, and press the cone against the bulb, holding it 
there until the wax has set. The end of the wire will now press against 
the glass, as shown in Fig. 11. Great care should be taken to get the 
wire and glass stuck in the wax perfectly air tight, as the permanence of 
the completed tube depends entirely upon this. When the wax is cool, 


‘connect the wire to one terminal of the coil and the socket end to the 


other terminal. The current will puncture the glass directly in front of 


IScientific American. 
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the wire and a light bluish glow will fill the bulb. If the wax was stuck 
to the glass and wire perfectly air tight, no air can leak in through the 
fine hole made by the spark, and the vacuum will not be destroyed. If air 
does leak in, the whitish blue color will gradually change to a pinkish glow, 
and when just the right amount has leaked in, striations will occur as in 
real Geissler tubes. 

Allowing just the right amount of air to leak in is a rather difficult 
process, but it can be done most simply as follows: 





Fic. I 


Fic. 


Instead of making a wax cone as in Fig. 1, make a bell-shaped piece, as 
in Fig. 3. With a sharp file nick the bulb where the end of the wire will 
come. The purpose of this nick is to help the spark puncture the glass. 
It should not be made deep enough to allow any air to enter the bulb. 
Next stick the wax bell on the bulb so that the end of the wire rests in 
the nick. Connect to the coil as before, and turn on the current. The 
spark will jump through the glass and whatever air is in the bell will leak 
into the bulb. By varying the size of the bell different colored glows 
may be obtained. The wax bell in Fig. 3 shows about the size for the 
best results with 16-candle-power lamps. Different lamps give different 
results, so that the exact size of the bell cannot be determined, and striations 
are more or less a matter of luck. Almost every bulb made as above will 
show beautiful color effects, each different from the other, and the results 
are well worth the trouble. 


Among the many helpful publications issued by the Carnegie Foundation 
for the Advancement of Teaching is Bulletin No. 3 on “Standard Forms 
for Financial Reports of Colleges, Universities, and Technical Schools.” 
The suggestions should be followed by those institutions which are tax- 
supported and are therefore obliged to submit annually reports of their 
financial condition. If these reports could be gotten out in such a form 
that the tax-paying constituency would be interested in reading them, it 
would work toward strengthening these same institutions in the minds of 
the public. Boards of Education in some of our cities can profitably take 
good lessons from this splendid bulletin in presenting their reports to the 
citizens whom they represent. The bulletin cannot help but assist in 
making educational institutions more business-like in their management. 
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SAFE PREPARATION OF HYDROGEN. 


‘The teacher of practical chemistry has usually a considerable amount of 
anxiety while young pupils, especially in large classes, are preparing and 
experimenting with hydrogen. The following method of obtaining the gas, 
though it can lay no claim to originality except in its application to class 
teaching, is very convenient, and, so far as I am aware, is not well known. 
There is no danger of an explosion, and even the youngest and most careless 
pupils can be left without supervision. 
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The hydrogen generator, A, consists of a piece of glass tubing about 
14 cm. in length and 2.5 cm. in diameter, and is drawn out at one end 
until about 0.5 em. in diameter. This end is plugged loosely with glass 
wool, and the tube is filled with granulated zinc. The glass cylinder, B, is 
provided with a cork through which the tube A passes, and is half filled 
with dilute sulphuric acid. The apparatus is fitted up as shown in the 
diagram. ‘The hydrogen is evolved steadily, and the supply of gas can be 
regulated by raising or lowering the tube A, which will remain in any 
position, provided it fits tightly in the cork. The whole apparatus is made 
easily, stands firmly, and is very portable. A supply of gas is obtained at 
once by simply lowering the tube containing the zine into the acid. Other 
gases can be prepared very conveniently in the laboratory in this manner— 
€. g., nitric oxide, replacing the zinc with copper turnings and the sulphuric 
acid with nitric acid of medium strength.—School World. 





Explosions are often caused in flour mills and breweries by nails or 
other iron particles that find their way in the grain, and which when they 
strike the steel rolls of the mills produce sparks and ignite the finely 
pulverized material about them. Recently a large malting concern that had 
been troubled by many such explosions installed a set of electro-magnets 
over which the grain is passed before being prepared for shipment to the 
breweries. All iron particles in the grain are thus picked up by the magnets 
and 800 to 1,000 bushels of grain are cleaned per hour. When the magnets 
have collected a large amount of metal, they are swung to one side, de- 
energized, and swept clean of any particles adhering to them by residual 
magnetism. Since the installation of these magnets there have been no 
explosions in the mills. 
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CONTINUOUS COLORED FLAMES. 


In spectroscopic and other researches it is often necessary to employ 
a light of definite color for considerable periods of time. A flame of pure 
and intense color can be maintained for hours by means of the simple 
apparatus here described and illustrated, which can be made of materials 
to be found in every laboratory. 

















APPARATUS FOR THE PRODUCTION OF 
COLORED FLAMES, 


To the gas pipe is connected a bent glass tube (B) which passes over 
the rim of a beaker of Bohemian glass, follows the inner surface of the 
beaker to the center of the bottom, and thence rises vertically, nearly to 
the top of the vessel. The end of this tube is surrounded by a larger glass 
tube, the upper end of which is tapered and enters, above the rim of the 
beaker, the bottom of a wide porcelain tube, which serves as a Bunsen 
burner. A wire, wound in a helix around the small glass tube, and then 
uround the larger tube which surrounds it, forms the cathode of a galvanic 
battery, of which a rod of carbon (F) forms the anode. The beaker is 
filled very nearly to the top of the small glass tube, with a solution of 
the salt from which the coloration of the flame is to be cbhtained. The gas 
is then turned on and the mixture of gas and air is ignited at the top of 
the porcelain burner. The hydrogen disengaged at the cathode rises into 
the burner, carrying with it minute drops of the solution which give the 
colorless Bunsen flame an intense and uniform color.—Scientific American 
Supplement. 


MICROSCOPIC PROJECTIONS. 


The accompanying diagram shows the arrangement for obtaining a micro- 
scopic projection easily seen and studied by a fairly large class. The main 
parts are a lantern of the oxy-hydrogen type and a simple school microscope. 
The lantern is used with the condenser alone, the other lenses being removed. 
The microscope is held borizontally by means of a tripod stand and clamp 
so that the mirror of the microscope is just beyond the focus of the rays 
coming from the lantern. The light is reflected on to the slide on the stage, 
and, passing through the microscope, throws a greatly magnified image on to 
a screen which is placed several feet away from the eye-piece of the micro- 
scope. The image is focused on to the screen by the use of the focusing 
screw on the microscope. 
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In schools where the number of microscopes is limited the arrangement 
will be found of great advantage, as the microscopic structure of any 


section, etc., can be shown to 
the whole class at one time, 





creen 
- — and careful drawings can be 
made easily. 
Where a large number of 
microscopes are available a 
typical section, etc., can be 
shown on the screen, and the 
| main points to be observed 
pointed out before the pupils 


are asked to use the microscope 
for independent observation, 
thus overcoming the common 
difficulty of their being unable 
to recognize the main points 
when examining the _ section. 
If the screen be made of fine 
tissue paper the whole image 
can be traced on it, and in this 
way a large and accurate rep- 
resentation obtained for future 








use. This drawing is far in advance of the usual diagram put before the 
pupil.—School World. 





THE ACTION OF BURNING PHOSPHORUS UPON AIR. 


While studying this subject, the following experiment was suggested by 
one of my. pupils (first year). It may possibly be as new to some science 
teachers as to myself. By means of the apparatus shown, a stream of air 

is passed over gently heated phos- 
phorus in the tube, so as to keep it 
just burning without producing too 
much heat. The volume of air passed 
through and the volume of nitrogen 
ae collected can be easily measured. The 
— results are quite accurate enough to 


a— ——p- give a fair idea of the fraction of air 
Sh. Sprig \ ’ ° . 
. consumed (which was the object of 
, \ * . ‘~ 
I } the experiment), and all difficulty 


zat . arising from expansion of air is 
avoided.—School World. 


A series of tests was recently conducted for the Board of Education of 
Newark to determine the best form of lighting for schoolrooms. The rooms 
in which the experiments were tried measured 22 by 34 feet and were 12 
feet high. Three systems were tried, consisting of twenty-two 16-candle- 
power lamps, five 75-candle-power graphitized filament lamps, and five 100- 
watt tungsten lamps with glass reflectors and frosted tips. The tungsten 
lamps were the most economical and gave by far the best light at each 
desk, as was determined by illuminometer readings. A similar investigation 
has been made in Boston, where it was suggested that the room be lighted 
by lamps placed along the side walls just under the ceiling in boxes with 
prismatic glass buttons which would cast the rays into the room at the 
desired angle. 
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ARTICLES IN CURRENT MAGAZINES. 


American Forestry for June: “A Forward Step in Forest Conservation,’ 
William L. Hall (Illustrated); “Forty-five Americans in the Forests of 
Sp og! ”" Howard R. Krinbill; “The Mission of Eucalyptus,” Florence 
Lillian ierce (Illustrated) ; “Woman’s Work for Conservation,” Mrs. Lydia 
Adams-Williams; “Some Observations on Forests and Water-flow,” J. T. 
Rothrock; “The Histology of Resin Canals in White Fir,” C. D. Mell (with 
diagrams.) For July: “The New Forest Products Laboratory,” Edwin A. 
Start (illustrations from photographs) ; “The Work of the Government in 
Forest Products,” Henry 8S. Graves; “The Paper and Pulp Industry and 
Conservation,” B. R. Goggins; “Tennessee River Improvement and Sed- 
imentation,” L. C. Glenn. For August: “Planting Forests in Kentucky,” 
J. B. Atkinson; “Americans and American Trees in Germany”—a series 
of pictures, Howard R. Krinbill; “The Weeks Bill in Congress”; “‘Agencies 
for the Restoration and Conservation of Forests,” S. B. Elliott; “Notes on 
the Identification of a Tropical Wood,” C. D. Mell. 

Auk, The, for July: “Migration of the Pacific Plover to and from the 
Hawaiian Islands,” H. W. Henshaw; “Notes on the Autumn Migration of 
the Canada Goose in Eastern Massachusetts,” J. C. Phillips; “The Black- 
Throated Green Warbler,” Cordelia J. Stanwood; “Notes on the Summer 
Birds of Kentucky and Tennessee,” Arthur H. Howell; “Bird Photographing 
in the Carolinas,” B. S. Bowdish; “Resurrection of the Red-Legged Black 
Duck,” William Brewster. 

Condor, The, for July-August: “Some Colorado Night Heron Notes” 
(with nine photos by the author), Robert B. Rockwell; “Nesting of the 
Spotted Ow! in Northeastern Los Angeles County, California,” Lawrence 
Peyton; “Notes on the Rufous-crowned Sparrow” (with one photo by W. 
Otto Emerson), J. R. Pemberton; “The Anna Hummingbird,’ J. H. Bowles; 
“Late Spring in Lake Valley” (with two photos), Milton S. Ray. 

Mining Science for June 2: “The Lander Mining District, Nevada,” Al. 
H. Martin. For July 28: “Possibilities of the Oxy-Acetylene Welding 
Process,” C. M. Smyth. For August 4: “Metals in the Rain of Star Dust,” 
Charles R. Keyes. 

Photo-Pra for July: “The Cost of Photography as a Hobby,” C. H. 
Claudy; “When the Sun in Low” (I. Seascapes), William S. Davis; 
“Simultaneous Printing and Developing of Enlargements,” F. J. Mortimer; 
“The Portrait-Work of Furley Lewis,” A. H. Blake. For August: “Weak 
Links in the Chain,” C. H. Claudy; “The Pictorial Attractions of Boston,” 
Wilfred A. French; “Only a Photograph,” Geo. G. Rockwood. 

Physical Review for June: “Studies in Thermo-Luminescence. III. The 
Distribution of Energy in the Luminescence Spectrum of Sidot Blende,” 
C. A. Pierce; “On the Extra Transmission of Blectric Waves,” F. C. Blake; 
“Magnetostriction in Iron-Carbon Alloys,” Herbert G. Dorsey; “The Point 
Discharge in, Air for Pressures Greater than Atmospheric,” O. Amsden 
Gage; “The Physical Properties of Binary Liquid Mixtures,” J. C. Hubbard; 
“On Entropy,” W. S. Franklin; “The Effect of Pressure on the Aluminum 
Rectifier,” A. P. Carman and G. J. Balzer. For July: “A Method for 
Measuring Ellipticity and the Determination of the Optical Constants of 
Metals,” A. Q. Tool; “The Second Postulate of Relativity,” Richard C. 
Tolman; “An Experimental Determination of the Charge of an Electron 
by the Cloud Method,” L. Begeman; “Heat Transfer Due to Steam Con- 
densation,” S. Leroy Brown; “‘The Reflecting Power of Ice in the Extreme 
Infra-red Spectrum,” A. Trowbridge and B. J. Spence; “An Investigation 
of Non-Vibratory Types of Frequency Meters,” C. E. Hiatt; “A Laboratory 
Are Lamp,” Edwin F. Northrup; Presidential Address, “The Debt of Physics 
to Metaphysics,” Henry Crew. 

Plant World for June: “The Coastal Deserts of Jamaica,” Forrest 
Shreve; “A Comparison Between Two Mountain Sides,” J. C. Blumer; 
“Two New Zealand Botanical Reports,” S. B. Parish; “The Starch Content 
of Leaves Dropped in Autumn,” L. L. Harter. 

Popular Astronomy for June-July: “On the Physical Cause Which Has 
Produced the Small Obliquity of the Planet Jupiter,” T. J. J. See; “Ac- 
curate Measurements of Photographs,” Edward C. Pickering; “Quality of 
Light,” Paul F. Bauder; “Sketch of the Career of Professor C. W. Pritchett, 
Plate XIII,” T. J. J. See; “Graphic Solar Discs,” W. F. Carothers; “New 
Double Stars,” E. D. Roe, Jr.; “The Story of Halley and His Comet, 
Plates XIV and XV,” Ralph E. Wilson. For August-September: “Spectro- 
scopic and Visual Binaries,” Frank Schlesinger and Robert H. Baker; “Are 
Space and Time Really Infinite,” William H. Pickering; “Meteors from 
Halley’s Comet on May 6,” E. W. Abell. 
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Popular Science Monthly for Jone: “Scientific Work of the Department 
of Agriculture,” Dr. W. J. McGee; “Instinct and Intelligence in Birds,” 
Professor Francis H. Herrick; “Scenery Soil and Atmosphere,” Professor 
Albert Perry Brigham. For July: “A Naturalist in the Straits of Magellan,” 
Dr. Charles Haskins Townsend; “The Future of the Human Race,” Pro- 
fessor T. D. A. Cockerell; “Middle and Distance Running,” Charles DB. 
Hammett; “The Symbolism of Dreams,’ Dr. Havelock Ellis; “The Nature 
of Disease and of its Cure,” Dr. James Frederick Rogers. For August: 
“The Past and Present Status of the Ether,” Professor Arthur Gordon 
Webster; “Physiologic Light,” F. Alex. McDermott; “Instinct and In- 
telligence in Birds,” Professor Francis H. Herrick; The Paleontologic 
Record: “Anatomy and Physiology in Invertebrate Extinct Organisms,” 
Rudolf Ruedemann; “Contributions to Morphology from Paleontology,” 
Professor William Bullock Clark; “Relation of Embryology and Vertebrate 
Paleontology,” Professor Richard Swan Lull; “Observations on the Earth- 
quake of May 26, 1909,” Professor J. A. Udden; “The Methods and Uses 
of a Research Museum,” Joseph Grinnell; “The Effects of Smoking on 
College Students,” Dr. George L. Meylan; “The Danger of Unskill,” Walter 
G. Beach; “Bacteriology and Parasitology in Relation to Avian Diseases,” 
Dr. George Edward Gage; “The Role of Selection in Plant Breeding,” 
Professor Edward M. East. 

Psychological Clinic for May: “The Nervous Disorders of School Chil- 
dren,” Walter S. Cornell, M.D.; “A Further Study of Retardation in 
Illinois,” G. W. Gayler; “Physiological Age as a Basis for the Classification 
of Pupils Entering High Schools—relation of Pubescence to Height,” Wilfred 
L. Foster, M.D. For June: “Medical and Dental Inspection in the Cleve- 
land Schools,” J. -E. Wallace Wallin, Ph.D.; “A Moral Imbecile or a Bad 
Boy: Which?’ Arthur Holmes, Ph.D. 

School Review for June: “The Achievements and Shortcomings of the 
American College,” J. McKeen Cattell; “The Achievements and Shortcomings 
of the American College,” David Snedden; “The Fifth Annual International 
Esperanto Congress,” Herbert Harris and Edwin C. Reed; Educational 
Progress in 1909,” James E. Downey. 

Science for June 10: “Practical Science,” John M. Coulter; “Botany in its 
Relations to Agricultural Advancement,” C. V. Pifer. 

Scientific American for July 16: “Radium Collector for Electricity”; 
“Photographing Projectiles in Flight.” For 283: “A Dinosaur Skeleton 
With Skin Three Million Years Old,” Barnum Brown. 

Scientific American Supplement for July 16: “A New System of Wireless 
Telegraphy”; “The Light of the Firefly,” H. BE. Ilves and W. W. Cob- 
lentz. For July 23: “Making Sapphires in the Laboratory,” A. A. Heller. 

Sibley Journal of Engineering for June: “Rating of Stationary Gas 
Engines,” G. W. Lewis and A. G. Kessler; “Modern Problems in Trans- 
former Design,” Louis F. Blume; “Feed Water Heating in a Cotton Mill,” 
Harvey B. Mann; “Electrical Characteristics of Carbon Brushes,” J. L. 
Smith. 

Technical World Magazine for July: “What Is the Firefly’s Secret?” 
Robert A. Sanborn; “Building a Town a Day,” James Oliver Curwood; 
“Bargain in College Education,” Ralph Bergengren; “The Truth About Con- 
crete,” Benjamin Brooks; “Refilling the Breadbasket,” Harry F. Kohr; 
“World’s Greatest Seaport,” Charles Frederick Carter; “How Your Fishing 
Rod Is Made,” Harry H. Dunn; “To Cut Scotland in Two,” Cecil Bem- 
bridge; “Poisons as Servants of Man,” J. Emile Blomen. 

Terrestrial Magnetism and Atmospheric Electricity for June: “The Com- 
plete Magnetic Results of the First Cruise of the ‘Carnegie,’” L. A. Bauer 
and W. J. Peters; “Atmospheric Electricity Observations on the First 
Cruise of the ‘Carnegie,’”” Edward Kidson; “Times of Abruptly Beginning 
Magnetic Disturbances, as Recorded at the Coast and Geodetic Survey Mag- 
netic Observations,” R. L. Faris; “The Physical Theory of the Earth’s 
Magnetic and Electric Phenomena,” L. A. Bauer. 

Zeitschrift fiir den Physikalischen und Chemischen Unterricht for May: 
K. Noack, “Hilfsmittel fiir Schiileriibungen zur Mechanik fester Kérper;” 
W. Stephan, “Bestimmung des elektrochemischen Aequivalents von Metallen 
ohne Wiigung;” P. Ludewig, “Uber die Verwendung des Galvanometers zum 
Nachweis geringer Wechselstréme niedriger Frequenz;” Kirstine Meyer, 
“Von welchen Voraussetzungen muss man ausgehen, um den Begriff “Tem- 
peratur’ definieren zu kénnen;” T. Wulf, “Zur Definition der elektro- 
statischen Kapazitit;” M. Salzer, “Zwei astronomische Schiileriibungen ;” 
K. Noack, “Masse und Triigheitsmoment;” R. Ullrich, “Messende Versuche 
fiber die Grisse des Luftdrucks;” A. Witting, “Bestimmung des Brechungs- 
quotienten von Fiiissigkeiten ;’ E. Rupp und G. Rotter, “Uber einen kleinen 
elektrischen Ofen fiir Demonstrationszwecke.” 
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MATHEMATICS SECTION OF THE ASSOCIATION OF 
KENTUCKY COLLEGES. 


The second annual meeting of the Mathematics Section of the Association 
of Kentucky Colleges was held April 30 at Georgetown College, with the 
following program 

Theory of Exponents: When and How to Present the Subject, E. L 
Reese, State University; The Student's Aim in the Preparation of His 
Work, W. H. Garnett, Kentucky Wesleyan: Review of David Eugen 
Smith's “The History of Modern Mathematics,” Josephine A. Robinson, 
Berea College; Should the Colleges of the Association Attempt to Codrdinate 
Their Mathematics Courses? If so, to What Extent, and How Should It 
Be Done? J. Morton Davis, State University; C. G. Crooks, Central Uni- 
versity; Should Logarithms Be Taught in Secondary Schools? Mamie E 
Schmidt, Lexington High School; Report of the Progress of the Proposed 
Book on Secondary Mathematics, A. L. Rhoton, Georgetown College; The 
Mathematics Course Recommended to Kentucky High Schools at Our De- 
cember Conference: Its Relation to the Requirements of the Carnegie 
Foundation: How to Secure Its Adoption by the State Board and the 
High Schools, Informal Discussion 

J. Morton Davis of State University was elected president of the section 
for the coming year, and Josephine A. Robinson of Berea College was re 
elected secretary It was regretted that Professor Crooks was detains 
at home by illness in his family. 

Besides those on the program there were present Mr. Downing of State 
University, the venerable Professor Rucker of Georgetown College, and 
Miss LeSturgeon of the same institution 

The papers presented were of interest and of practical value. It is the 
plan of the section to discuss not only questions which deal with methods 

f 


and courses of study, but also to study topics fo. the development or its 


members. 
Professor Davis’s paper called forth animated discussion in regard to 


accredited schools, how they shall be ascertained, and how their work shall 


be kept up to standard. It also developed a discussion of uniform entrance 
examinations and of tests of efficiency of students after admission. This 
topic will be resumed at the informal meeting of the section at Lexington 
next December. At the close of the session the members of the section 
at an elegant and substantial luncheon 
JOSEPHINE A. ROBINSON. 


and a few guests were entertained 
at the Lancaster Hotel. 


EASTERN ASSOCIATION OF PHYSICS TEACHERS. 


The fifty-sixth meeting of this organization was held at Providence, Sat- 
urday, May 21. ‘The morning session was held in the Technical High 
School. After the meeting had been called to order by the president, Frank 
M. Greenlaw, the secretary read the list of standing committees for the 
coming year. From the Committee on New Apparatus George A. Cowen 
described a new Falling Body Apparatus and also a cheap form of a 
wooden beam balance which in the hands of the average secondary school 
pupil is capable of doing just as accurate work as the more expensive bal- 
ances. Mr. ©. H. Andrews described the new form of Stoelting’s universal 
laboratory weights as well as the Gaetner new high school galvanometer 
of the D’Arsonval type and a dynamo analysis apparatus by the same maker. 
Mr. C. M. Hall described two simple forms of photometers, one of the Rum- 
ford, the other of the Bunsen type. The Association voted to assist the 














BOOK REVIEW 647 


science department of the National Educational Association in any way 
they should desire. 

The address of the morning was given by Mr. John L. Alger, Principal 
of Rhode Isiand State Normal School, on “Physics as a Part of the Grade 
Teacher's Equipment.” This was a splendid paper, one which ought to be 
read by all seventh and eighth grade science teachers as well as secondary 
teachers of science. It is hoped that this paper will be published in ScHOOL 
SCIENCE AND MATHEMATICS. The paper was ably discussed by several 
members after its reading. 

The afternoon session was held at Wilson Hall, Brown University, the 


address being given by Professor Carl Barus on “Interferometry and a New 
Interferometer.” This was a very helpful and interesting paper. 
The meeting closed with an inspection of the laboratories s 
WEBSTER’S NEW INTERNATIONAL DICTIONARY. 
rhea s nothing better in the dictionary line than this work. People 
who make daily use of books of this character know this to be a fact. The 
Webster, published by the Merriam Company, has never been found wanting 


How good it is when looking for information such as should be found in a 
dictionary to find what one wants on the first trial. One is never disap 


pointed when the Merriam Webster is used. This book is an absolutely new 


creation and contains everything that should be found in a dictionary. It is 

book ich is easy to use. A copy should be in use in every school room 
of the country, as well as in every home and library The dictionary is 
consulted, perhaps, more frequently to ascertain the correct pronunciation 
of a word than for any other purpose. The pronunciations of words in this 
work are absolutely correct. It is therefore the greatest agent in the Eng 


lish language which is working for the correct pronunciation of words, thus 
obliterating provincialisms and making our spoken English as pure in one 
part of the country as another. This work is encyclopedic in character, 
containing all of the words in our language, giving correct and exact in- 
formation about them. Wherever one turns he finds splendid condensed 
treatises, or tables, or illustrations. One cannot use the New International 
without being impressed by the range and completeness of the information 
furnished. ——— ‘ 
BOOK REVIEW. 
Elements of Algebra, by Arthur Schultze, Ph.D... Assistant Professor of 
Wathematics, University of New York. Pp. 305. Price, $.85. 1910. 
The Macmillan Company. 

In this book an attempt has been made to shorten the usual course in 
algebra, and still give the pupils the requisite mastery of the essentials of 
the subject. To accomplish this purpose, (1) all unnecessary “cases” are 
omitted: (2) all parts of the theory which are beyond the comprehension 
of the pupil or which are logically unsound are omitted; (3) the exercises 
are somewhat simple; and (4) topics of practical importance, as 
quadratic equations and graphs are placed early in the course. 

There is little in this book to distinguish it from the older type of text- 
book except the graphical work. This, however, is all included in one 
chapter near the middle of the book. The author considers that the field 
of genuine applications of elementary algebra suitable for high school pupils 
is rather small: hence, there is not a large number of problems of that 
type. It is undoubtedly a clear and logical presentation of the subject and 
will be approved by the teachers who have the same point of view as the 
author. H. E. C. 
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SCIENCE AND MATHEMATICS SOCIETIES. 


Under this heading are published in the February, June and October 
issues of this journal the name and officers of such societies as furnish 
us this information. We ask members to keep us informed as to any 
change in the officiary of their society. 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE. 

Officers for the Minneapolis Meeting: President, Albert A. Michelson, 
University of Chicago, Chicago, Ill.; Vice-Presidents—A, Mathematics and 
Astronomy—Eliakim H. Moore, University of Chicago, Chicago, Ill.; B. 
Physics—Edward B. Rosa, Bureau of Standards, Washington, D. C.; C. 
Chemistry—George B. Frankforter, University of Minnesota, Minneapolis, 
Minn.; D, Mechanical Science and Engineering—A. Lawrence Rotch, Blue 
Hill Meteorological Observatory, Hyde Park, Mass.; 2, Geology and Geog- 
raphy—John M. Clarke, New York State Geologist, Albany, N. Y.; ‘a 
Zoblogy—Jacob Reighard, University of Michigan, Ann Arbor, Mich.; G, 
Botany—Robert A. Harper, University of Wisconsin, Madison, Wis.; H. 
Anthropology and Psychology—Roland B. Dixon, Harvard University, Cam- 
bridge, Mass.; I, Social and Economic Science—Hon. Theodore E. Burton, 
Cleveland, Ohio; K, Physiology and Experimental Medicine—Frederick G. 
Novy, University of Michigan, Ann Arbor, Mich.; L, Education—A. Ross 
Hill, University of Missouri, Columbia, Mo. Permanent Secretary, L. O. 
Howard, Smithsonian Institution, Washington, D. C.; General Secretary, 
Frederic BE. Clements, University of Minnesota, Minneapolis, Minn.; Sec- 
retary of the Council, John Zeleny, University of Minnesota, Minneapolis, 
Minn. ; Secretaries of the Sections—A, Mathematics and Astronomy—George 
A. Miller, University of Illinois, Urbana, Ill.; B, Physics—A. D. Cole, Ohio 
State University, Columbus, Ohio; C, Chemistry—C. H. Herty, University 
of North Carolina, Chapel Hill, N. C.;: D, Mechanical Science and Engi- 
neering—G. W. Bissell, Michigan Agricultural College, East Lansing, Mich. ; 
EB, Geology and Geography—F.. P. Gulliver, Norwich, Conn.; F, Zodlogy— 
Maurice A. Bigelow, Columbia University, New York, N. Y.; G, Botany— 
H. C. Cowles, University of Chicago, Chicago, Ill.; H, Anthropology and 
Psychology—George Grant MacCurdy, Yale University, New Haven, Conn. ; 
I, Social and Economic Science—Fred C. Croxton, 1429 New York Avenue, 
Washington, D. C.; K, Physiology and Experimental Medicine—George T. 
Kemp, Hotel Beardsley, Champaign, Ill.; L, Education—C. R. Mann, Uni- 
versity of Chicago, Chicago, Ill. Treasurer, R. 8S. Woodward, Carnegie In- 
stitution, Washington, D. C.; Assistant to Permanent Secretary, F. 8. Haz- 
ard, Office of the A. A. A. S., Smithsonian Institution, Washington, D. C. 
AMERICAN FEDERATION OF TEACHERS OF THE MATHEMATICAL AND NATURAL 

ScIENCES. 

Evecutive Committee: Chairman, C. R. Mann, University of Chicago; 
Secretary, Eugene R. Smith, Polytechnic Preparatory School, Brooklyn; 
J. T. Rorer, Central High School, Philadelphia; Wilhelm Segerblom, Phillips 
Exeter Academy, Exeter, N. H.; I. N. Mitchell, State Normal School, Mil- 
waukee. 

AMERICAN MATHEMATICAL SOCcIrETY. 

President, Maxime Bocher; Vice-presidents, Edward Kasner and EP. B. 
Van Yieck; Secretary, F. N. Cole; Treasurer, J. H. Tanner; Librarian, 
D. E. Smith; Committee of Publication, F. N. Cole, D. E. Smith, Virgil 
Snyder; Members of the Council to serve until December, 1911, H. B. Fine, 
0. D. Kellogg, F. R. Moulton, E. J. Wilezynski. 

ASSOCIATION OF AMERICAN GEOGRAPHERS. 

President, W. M. Davis, Harvard University; First Vice-President, L. A. 
Bauer, Department Terrestrial Magnetism, Carnegie Institution; Second 
Vice-President, BE. R. Johnson, University of Pennsylvania; Secretary, A. 
'P. Brigham, Colgate University; Treasurer, N. M. Fenneman,- University 
of Cincinnati. 

ASSOCIATION OF BroLtogy TEACHERS or New YorK. 

President, Martha F. Goddard, Morris High School; Vice-President, 
Clarence W. Hahn, High School of Commerce; Secretary, Lillian B. Sage. 
Washington Irving High School; Treasurer, Paul B. Mann, Morris High 
School; Fifth Member of Executive Committee, George W. Hunter, De Witt 
Clinton High School. 

ASSOCIATION OF OnTO TEACHERS OF MATHEMATICS AND SCIENCE. 

President, Frank FE. Miller, Westerville, Otterbein University; Vice-Presi- 
dent, William T. Heilman, Columbus, North High School; Secretary-Treas- 
wrer, Charles T. Prose, Zanesville. High School; Assistant Secretary, Har- 
riet E. Glazier, Oxford, Western College for Women. 
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maar —g MATHEMATICAL TEACHERS IN NEw ENGLAND—COUNCIL 
FOR ' 

President, Charles A. Hobbs, Watertown, Mass; Vice-President, Professor 
William R. Ransom, Tufts College, Mass.; Secretary, George W. Evans, 
Charlestown High School, Boston, Mass.; T'reasurer, Frank .. Morse, Re- 
vere High School, Revere, Mass.; Professor Dana P. Bartlett, Massachu- 
setts Institute of Technology, Boston; Miss Gertrude E. Bigelow, Boston 
Normal School, Boston; Professor Edward V. Huntington, Harvard Uni- 
versity, Cambridge, Mass.; Russell C. Lowell, Technical High School, Provi- 
dence, R. I.; Miss Mary C. Richardson, Normal School, Castine, Maine; A, 
Harry Wheeler, English High School, Worcester, Mass. 

ASSOCIATION OF TEACHERS OF MATHEMATICS IN THE MIDDLE STATES AND 
MARYLAND. 

President, William H. Metzler, Syracuse University; Vice-President, 
Daniel D. Feldman, Erasmus Hall igh School, Brooklyn; Secretary, 
Eugene R. Smith, Polytechnic Preparatory School, Brooklyn; Treasurer, 
M. Edna Shaw, William Penn High School, Philadelphia: Members of the 
Council (2 years), Paul N. Beck, George Washington University, Wash- 
ington, D. C.; (38 years), Howard F. Hart, High School, Montclair, N. J.; 
Isaac J. Schwatt, University of Pennsylvania. 


SECTIONS. 

PHILADELPHIA: Henry V. Gummere, Chairman; Elizabeth B. Albrecht, 
Secretary. 

New YorK: Daniel D. Feldman, Chairman; Lao G. Simons, Secretary. 

Pirtspure: J. M. Berkey, Chairman; J. Buell Snyder, Secretary. 

RocHESTER: Arthur S. Gale, Chairman; Fred L. Lamson, Secretary. 

SyRacuseE: Eugene P. Sisson, Chairman; Daniel Pratt, Secretary. 
ASSOCIATION OF On1Io TEACHERS OF MATHEMATHICS AND SCIENCE. 

President, Miss Stella S. Wilson, Central High School, Columbus, O.; 
Vice-President, Gordon N. Armstrong, Ohio Wesleyan University, Delaware, 
O.; Secretary-Treasurer, Chas. T. een High School, Zanesville, O. 
ASSOCIATION OF CHEMISTRY TEACHERS IN NEW ENGLAND. 

President, Augustus Klock, High School, Beverly, Mass.; Vice-President, 
F. C. Adams, Mechanic Arts High School, Boston; Secretary, C. W. Good- 
=, High School, Waltham; Treasurer, A. M. Butler, High School, East 

oston. 

AMERICAN NATURE Stupy Socrery. 

President, Otis W. Caldwell, University of Chicago; Secretary and Editor, 
Fred L. Charles, College of Agriculture, University of Illinois, Urbana. 
CENTRAL ASSOCIATION OF SCIENCE AND MATHEMATICS TEACHERS. 

President, James H. Smith, Austin High School, Chicago, Ill.; See- 
retary-Treasurer, James F. Millis, Francis W. Parker School, 330 Web- 
ster Ave., Chicago, Ill.; Asst. Secretary-Treasurer, V. D. Hawkins, Tech- 
nical High School, Cleveland, Ohio. Biology—Ohairman, W. L. Eiken- 
berry, School of Education, University of Chicago; Vice-Chairman, Isabel 
S. Smith, Illinois College, Jacksonville, Ill.; Secretary, Ashley T. Con- 
rad, McKinley High School, Chicago, Il]. Chemistry—Chairman, Albert 
L. Smith, Englewood High School, Chicago, Ill.; Vice-Chairman, George 
F. Weida, Kenyon College, Gambier, Ohio; Secretary, J. Cora Bennett, 
East High School, Cleveland, Ohio. Earth Science—Chairman, W. M. 
Gregory, Normal School, Cleveland, Ohio; Vice-Chairman, Kenneth C. 
Fitch, Englewood High School, Chicago, Lll.; Secretary, George R. Mans- 
field, Northwestern University, Evanston, Ill. Mathematics—Chairman, 
©. A. Pettersen, Carl Schurz High School, Chicago, Ill.; Vice-Chairman, 
R. L. Short, Technical High School, Cleveland, Ohio; Secretary, Mabel 
Sykes, South Chicago High School, Chicago, Ill. Physics—Chairman, 
C. E. Spicer, Joliet Township High School, Joliet, Ill.; Vice-Chairman, 
H. Clyde Krenerick, N. Division High School, Milwaukee, Wis.; Secre- 
tary, ©. F. Adams, Central High School, Detroit, Mich. Annual Meeting, 
November 25 and 26, Cleveland, Ohio. . 

ASSOCIATION OF THE TEACHERS OF MATHEMATICS IN WASHINGTON, 
President, W. S. Malone, Tacoma High School; Vice-President, George 

DeVelbis, Seattle High School; Secretary-Treasurer, Minnie A. Gibbons, 

Tacoma High School. 

CENTRAL IOWA ASSOCIATION OF SCIENCE AND MATHEMATICS TEACHERS. 

President, EB. H. Peterson, East High School, Des Moines; Vice-Presi- 
dent, F. H. Stewart, North High School, Des Moines; Secretary, W. Lee 
Jordan, West High School, Des Moines; Hrecutive Committee, F. EB. Good- 
om, , North High School, Des Moines; L. S. Ross, Drake University, Des 

oines. 
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Cyemistry Teacners’ CLus of New York Ciry. 

President, Joseph S. Mills, High School of Commerce, 155 West Sixty- 
fifth Street, New York City; Vice-President, Charles M. Allen, Pratt In- 
stitute, Brooklyn, N. Y.; Secretary, Ben M. Jaquish, Erasmus Hall High 
School, Brooklyn, N. Y.; Treasurer, Roland H. Williams, Horace Mann 
School, New York City. 

CHICAGO ACADEMY OF SCIENCES. 

President, Dr. T. C. Chamberlin: First Vice-President, Mr. A. L. Steven- 
son; Second Vice-President, Mr. C. H. Blatchford; Secretary, Dr. Wallace 
Ww. Atwood. 

CoNNeEcTICUT ScrENCE TEACHERS’ ASSOCIATION. 

President, L. O. Packard, New Britain; Vice-president, D. G. Smyth; 
Secretary-Treasurer, Caroline J. Hitchcock, High School, Meriden; Bzaecu- 
tsve Committee, these officers and Leon C. Staples, Clement C. Hyde, High 
School, Hartford, Julia B. Paton and Elizabeth Middleton. 

COLORADO MATHEMATICS ASSOCIATION. 

President, E. L. Brown, North Side High School, Denver; Secretary- 
Treasurer, Grace E. Shoe, North Side High School, Denver. 

EASTERN ASSOCIATION OF PuysIcs TEACHERS. 

President, N. Henry Block, Roxbury; Vice-President, Frank M. Green- 
low, Newport, R. 1.; Secretary, Fred H. Cowan, Jamaica Plain; Treasurer, 
Percy 8S. Brayton, Medford: Hzrecutive Committee, the officers ex officio and 
Fred R. Miller, Newton Highlands; Arthur N. Burke, Waltham; and 
Harver W. Le Sourd, Milton. 

FEDERATION OF SrATE TEACHERS’ ASSOCIATIONS. 

President, Charles 8S. Foos, Reading, P Secretary, W. W. Remingtor 

Denver, Colo. 


ILLINOIS ACADEMY OF SCTENCE. 


President, John M. Coulter, University of Chicago: Vice-President, R. O 
Graham, Illinois Wesleyan University Secretary, A. R. Crook, Stat 
Museum Natural History, Springfield; Jreasurer, John C. Hessler, Jar 
Millikin University, Decatur 


INDIANA ACADEMY OF SCIENCi 

President, P. N. Evans, Purdue University; Vice-President, C. R. ID 
State Normal School: Secretary, G. W. Benton, Shortridge High S 
Indianapolis; Assistant Secretary, A. J. Bigney, Moore’s Hill Co 
Treasurer, W. J. Moenkhaus, State University 
INDIANA STATE SCIENCE TEACHERS’ ASSOCIATION. 

President, W. W. Hart, Shortridge High School, Indianapolis; Vice- 
President, H. S. Voorhees, Fort Wayne High and Manual Training School, 
Fort Wayne; Chairman Ezecutive Committee, F. 8. Lamar, Richmond: 
Secretary-Treasurer, Henry F. A. Meier, Muncie. 


IowA ACADEMY OF SCIENCE. 

President, Samuel Calvin, Iowa City; Treasurer, H. E. Summers, Ames; 
Secretary, L. 8S. Ross, Des Moines; Elective Executive Com.: R. B. Wylie, 
Iowa City; L. Begeman, Cedar Falls: D. W. Morehouse, Des Moines. 


IOWA ASSOCIATION OF MATHEMATICS TEACHERS. 
President, W. Lee Jordan, West Des Moines High School: Secreta 
Treasu f Miss Harriett Solomon, Keokuk High School 


IowA ASSOCIATION OF SCIENCE TEACHERS. 

President, George W. Tidd, Fort Dodge High School; Vice-President 
Professor L. Begeman, Iowa State Teachers’ College; Secretary-Treasurer 
F. E. Goodell, North High School, Des Moines. Section Leaders: Physics 

Professor D. W. Morehouse, Drake University, Des Moines; Chemistry 
S. L. Thomas, Council Bluffs High School: Biology—Professor R. B. Wylie. 
State University of Iowa; Physiography, Miss Zulema Kostomlatsky, West 
Des Moines High School 


JACKSONVILLE, Itu., Center, C. A. S. & M. T. 

President, J. W. Reed, Lilinois College; Vice-President, Miss Deete Rolfe, 
Illinois Woman’s College; Secretary-T'reasurer, Miss Ione Kuechler, Jack- 
sonville High School. 

KANSAS ASSOCIATION OF MATHEMATICS TEACHERS. 

President, A. M. Bogle, Kansas City High School; Secretary-Treas- 
urer, Miss Emma Hyde, Emporia High School. 

MATHEMATICS SECTION OF THE CALIFORNIA TEACHERS’ ASSOCIATION. 

President, Charles A. Noble, Berkeley; Vice-President, F. E. Crafts, San 
Francisco; Secretary-Treasurer, J. Fred Smith, Campbell. 
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NATIONAL EDUCATION ASSOCIATION, 

President, Mrs. Ella Flagg Young, Chicago, Ill.; Secretary, Irwin Shepard, 
Winona, Minn.; Treasurer, D. W. Springer, Michigan. Elementary— 
President, Miss Adelaide Steele Baylor, Superintendent of Schools, Wabash, 
Ind.; Vice-President, H. B. Wilson, Superintendent of Schools, Decatur, 
Ill.; Secretary, Miss Nellie O’Keefe, Principal McClellan School, St. Paul, 
Minn. Secondary—President, H. {. Barrett, Principal High School, 
Pueblo, Colo.; Vice-President, W. F. Lewis, Superintendent of Schools, 
Port Huron, Mich.; Secretary, W. J. McCormack, La Salle Township 
High School, La Salle, Ill. Higher—President, James H. Baker, Presi- 
dent University of Colorado, Boulder, Colo.; Vice-President, J. A. MacLean, 
President University of Idaho, Moscow, Idaho; Secretary, Frederick P. 
Keppel, Dean Columbia College, New York City. Normal schools—Presi- 
dent, D. B. Johnson, President Winthrop Normal and Industrial College, 
Rock Hill, 8S. C.; Vice-President, W. A. Hawkins, President State Normal 
School, Warrensburg, Mo.: Secretary, Guy BE. Maxwell, President State 
Normal School, Winona, Minn. Manual Training and Art—President, Clif- 
ford B. Connelley, Dean Carnegie Technical Schools, Pittsburg, Pa.: Vice- 
President, Mrs. Ellen H. Richards, Massachusetts Institute of Technology, 
Boston, Mass.; Secretary, Miss May Gearhart, Supervisor of Drawing, Los 
Angeles, Cal. Music—President, Miss Elsie M. Shawe, Supervisor of Music, 
St. Paul, Minn.: Vice-President, C. A. Fullerton, Professor of Music, State 
Normal School, Cedar Falls, Ia.: Secretary, Miss Estelle Carpenter, Super- 
visor of Music, San Francisco, Cal. jusiness—President, Frank BE. Lakey, 
English High School, Boston, Mass. : Vice-President, Ww. S. McKinney, 
Englewood High School, Chicago, Ill.; Secretary, Sherwin W. Cody, Chi 


N 
F 


eago, Ill. Child Study—President, Will Grant Chambers, Dean, Schoo! of 
Education, University of Pittsburg, Pittsburg, Pa.; Vice-President, Louis 
M. Berman, Professor of Education, Leland Stanford University, Palo Alto, 
Cal Secretary, C. B. Robertson, Superintendent of Training School, Cort- 
land, N. Y. Science—President, George A. Cowen, West Roxbury High 


School, Jamaica Plain. Boston, Mass.; Vice-President, W. J. V. Osterhaut, 


Harvard University, Cambridge, Mass.; Secretary, H. T. Clifton, Throop 
Polytechnic Institute, Pasadena, Cal. School Administration—President, 
Linnaeus D. Hines, Superintendent of Schools, Crawfordsville, Ind.; Vice- 
President, W. D. Small, High School, Washington, D. C.: Secretary, Wil- 


liam G. Bruce, Editor American School Board Journal, Milwaukee, Wis. 
Rural nd Agricultural—President, James <A. Barr, Superintendent of 
Schools, Stockton, Cal.; Vice-President, B. M. Davis, Miami University, Ox- 
ford, O.:; Secretary, E. E. Balcomb, State Normal School, Providence, R. I. 
NATURAL SCIENCE SECTION OF ONTARIO EDUCATIONAL ASSOCIATION. 

Honorary President, Dr. J. H. Faull, Toronto; President, L. H. Graham, 
High School, East Toronto; Vice-President, D. Whyte, Normal School, To- 
ronto; Secretary-Treasurer, F. J. Johnston, Collegiate Institute, West To- 
ronto 
New YorK ACADEMY OF SCIENCES. 

President, Charles F. Cox; Recording Secretary, Edmund Otis Hovey; 
Corresponding Secretary, Herman Carey Bumpus; T'reasurer, Emerson 
MeMillin; Librarian, Ralph W. Tower; Editor, Edmund Otis Hovey. 


NortH DAKOTA ASSOCIATION OF SCIENCE AND MATHEMATICS TEACHERS. 
President, H. L. Bolley, Agricultural College; Secretary-Treasurer, C. 
R. Travis, State Normal School, Mayville. 


NORTHEASTERN OHIO ASSOCIATION OF SCIENCE AND MATHEMATICS 
TEACHERS. 

President, Philip E. Graber, South High School, Cleveland, O.; Vice- 
President, Miss Anna Pancoast, Lakewocd High School, Lakewood, O.; 
Secretary-Treasurer, Ralph A. Brown, Shaw High School, EB. Cleveland, 
O.; Haecutive Committee: Chairman, C. P. Alexander, Akron High School; 
C. A. Marple, Central High School; A. F. M. Petersilge, Technical High 
School; BE. S. Connor, Lincoln High School; C. C. Carlton, Supt. Medina 
Schools. 

PaciFic Coast ASSOCIATION OF CHEMISTRY AND Puysics TEACHERS. 

President, A. G. Van Gorder, Berkeley; Vice-president, Miss Margaret 
Scott, Hayward High School, Hayward, Cal.; Secretary-Treasurer, G. 
Barton, Oakland. 


PuysiIcaL Scrence SECTION OF THE NEBRASKA STATE TEACHERS’ ASSOCIA- 


TION. 
President, H. O. Sutton, State Normal, Kearney; Secretary-Treasurer, 


Miss Eva O’Sullivan, So. Omaha High School. 
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Puysics Cius or New York. , 

President, Willard R. Pyle, Morris High School, New York; Vice-Prest- 
dent, Henry C. Cheston, High School of Commerce, New York; Secretary, 
Irwin W. Driehaus, New York Training School for Teachers; Treasurer, 
William Wiener, Newark High School, Newark, N. J. 


Puysics CLUB oF PHILADELPHIA. 

Ezecutive Committee: George A. Hoadley, President, Swarthmore Col- 
lege; Guy W. Chipman, Secretary and Treasurer, Friends Central School ; 
Daniel E. Owen, William Penn Charter School. 


Scrence AND MaTuematTics Secrion or THE Hien Scuoot DeparTMENT 
OF THE PENNSYLVANIA State TEACHERS’ ASSOCIATION. 

President, J. D. Stark, Johnstown, Pa.; Secretary, Miss Jane Mathews, 
Altoona, Pa.; BHaecutive Committee, Wm. G. Owen, Bucknell University, 
Louisburg, Pa.; Geo. W. Hull, State Normal, Millersville, Pa.; ©. 8. 
Webb, Franklin, Pa. 


Soutn DaKoTa ASSOCIATION oF SCIENCE AND MATHEMATICS TEACHERS. 
President, L. BE. Akeley, Vermillion, S. D.; Vice-President, Fred W. 
one. Aberdeen, 8S. D.; Secretary-Treasurer, L. W. Beers, Sioux Falls, 


SOUTHERN CALIFORNIA SCIENCE AND MATHEMATICS ASSOCIATION. 
President, H. T. Clifton, Throop Polytechnic Institute; Vice-President, 
W. H. Snyder, Hollywoed High School; Secretary-Treasurer, George C. 
Bush, South Pasadena Schools. Wrecutive Committee: Officers, Ex-Officio 
and Chairman of each Section. Section—Mathematics—Chairman, Paul 
Arnold, University of Southern California; Secretary, Agnes Wolcott, Santa 
Monica High School. Earth Science—Chairman, Mabel Pierson, Pasadena 
High School; Secretary, Louise McDanell, Alhambra High School. Biology 
—Chairman, A. A. Hummel, Redlands High School: Secretary, A. C. Life, 
University of Southern California. Physics-Chemistry—Chairman, E. E. 
Chandler, Occidental College: Secretary, VY. R. Ross, Citrus Union High 


School. 


UTran ACADEMY OF SCIENCES. 

President, Dr. W. C. Ebaugh, University of Utah; First Vice-President, 
Dr. BE. D. Ball, Utah Experiment Station; Secretary, A. O. Garrett, Salt 
Lake High School; Treasurer, Dr. Philena Fletcher Homer, B.Y.U., Provo. 


BOOK REVIEWS. 


Price List of Chemical and Bacteriological Apparatus and Assayer’s Sup- 


plies. 1910. Pages 333. E. H. Sargent & Co., 143 Lake St., Chicago. 
This is one of the most complete cataiogues we have ever seen. It is 
complete revision of their former catalogue of chemical apparatus O 
of the valuable features is a nine page descriptive list of up-to-date scientif 
books, with prices The cuts are all new genuine wood cuts especi 


made for this edition. 
The book is very handsomely and expensively gotten up. Paper and press 
work are perfect. GC. mM. 7 


Catalogue of Chemical Laboratory Requisites. Sixth edition. 1910 Py 


720. 


A Treatise on Scientific Instruments, Physics. Fifth edition. 1908. Pp 
730. Philip Harris & Co., Ltd., Birmingham, England. 


These two volumes are the most extensive and expensively gotten up 
catalogues we have ever seen. It is printed on coated paper. Nearly 
every article in the catalogue is illustrated. The cuts are all either half 
tones or made from genuine wood cuts. 

In physics many new, novel and reasonably priced pieces of apparatus 


are shown. Ck. FT. 
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BOOKS RECEIVED. 


Plane Trigonometry and Tables, by Fletcher Durell, Lawrenceville School, 
me dé. Pages 1844-133, 16x24 cm: cloth, $1.25. Charles E. Merrill 
Company, New York. 

A High School Course in Physics, by Frederick R. Gorton, State Normal 
College, Ypsilanti, Michigan. Pages XV+480; 14x19 cm.; cloth. D. Ap- 
pleton & Company, New York and Chicago. 

Tillers of the Ground, by Marion I. Newbigin, Editor Scottish Geographt- 
cal Magazine. Pages VIII+224; 12x17 cm.; cloth; 50 cents, net. Mac- 
millan and Company, New York 

Medical Education in the United States and Canada: A Report to the 
Carnegie Foundation, by Abraham Flexner. Bulletin No. 4. Pages XVII 
+346; 19x25 cn The Merrymount Press, Boston 

Elements of Algebra, by Arthur Schultze, New York University Pages 
XII+-309; 1314x19 cm.; 80 cents, net Macmillan Company, New York. 

What to Do at Recess, by George E. Johnson, Supt. of Playgrounds, Park 


and Vacation Schools, Pittsburg 12mo., cloth: pages 33; illustrated; 
price, 25 cents. Ginn & Company, Boston, Chicago. 
Elementary Cabinet Work, by Frank H. Selden, State Normal School, 


Valley City, N. D. Pages 278; 13x17 cm. Rand, McNally & Co., Chicago. 
The Building and Care of the Body, by Columbus N. Millard. Pages 


XI+235; 18x17 cm.; cloth, 40 cents, net The Macmillan Company, New 
York. 
The ‘Teaching Botanist, by William F. Ganong, Smith Collegs Pag 


X1+-439; 14x19 cm.; $1.25, net The Macmillan Company, New York 
Fieids of Force: A Course of Lectures in Mathematical Physics, by \ 


helm Friman Karen Bijerkner, University of Stockholm, delivered at Colur 
bia University. The Columbia University Press, New York. 
Second-Year Mathematics, by George W. Myers and assistants, Colleg: 


of Education, University of Chicago. Pages XIV+282; 14x19 cm.; cloth; 


postpaid, $1.63. The University of Chicago Press. 


The Soul of a Serf, by J. Breckenridge Ellis Pages 32S: 14x19 cm.; 
cloth: $1.00. Laird & Lee, Chicago 
Transactions of the Illinois Stat Academy of Scien \ me III, 


1910; pages 172. Schnepp & Barnes, Springfield 
Proceedings of the Fifteenth Annual Meeting of the North Central Asso- 


ciation of Colleges and Secondary Schools. Chicago Meeting. Pages 208 
Published by the Association, T. A..Clark, Sec’y, Urbana, I 
Essentials of Chemistry, by Ruf P. Williams, Instructor in Chemistry, 


English High School, Bosto1 Svo., cloth 121 pages; $1.25. Ginn and 


Company, Boston, Chicago 


BOOK REVIEWS. 


Necond-Year Mathematics for Seconda Schools, by George W. Myers, 
Professor of the Teaching of Mathematics and Astronomy, College of 
Education of the I ersity of Chicago, and the Instructors in Mathe- 
matics in the University High School Pp. XIV+282. Price, $1.63. 


1910. The University of Chicago Press. 


The First-Year Mathematics, by the same authors, which places chief 
emphasis on algebra, connects closely with the mensuration and general 
number of the eighth-grade arithmetic, and makes considerable advance in 
preliminary geometrical work. 
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The Second-Year Mathematics is a geometry in which there are continual 
applications of algebra. This use of the algebraic notation and equation 
to solve geometrical problems, together with the development of algebraic 
topics not included in the first year’s work, means that both algebra and 
geometry in close combination have a share of the student’s attention for 
two years. To adapt to our needs a method of teaching mathematics 
developed in other countries by years of careful study ought not to be a 
very rash experiment. 

As one turns over the pages of this book the following features are 
noticeable: Construction problems to open up the subject; the large number 
of exercises, constructional, numerical, algebraic, and demonstrable; the 
use of the principles of congruency; many proofs in outline, or left entirely 
to the student; “new” proofs; early use of circles; early use of ratio and 
proportion; the simple treatment of incommensurables and limits; the 
properties of proportion developed by means of exercises; applications of 
similar triangles; angle-functions, and their use in solving right triangles; 
similarity and proportionality in circles; quadratic equations; inequality 
in triangles and circles brought together in one chapter; new ideas in the 
treatment of areas of polygons; use of the graph; degree of rigor suited 
to the ability of high school pupils. 

This book seems to be not such a wide departure from traditional methods 
as does the First-Year Mathematics; and it may find place in schools where 
the latter book does not seem expedient. It covers the ground of the usual 
secondary school geometry, and appears to be very teachable. H. E. C. 


1 Treatise on the Differential Geometry of Curves and Surfaces, by Luther 
P. Bisenhart, Professor of Mathematics in Princeton University. Pp 
174. $4.50. 1909. Ginn and Company. 

This book serves as an introduction to the methods of differential geomet: 
and develops the theory of curves and surfaces to such an extent that th 
student will be prepared to read the more extensive foreign treatises and 
journal articles. The method generally used is that of Gauss, by which 
the properties of a surface are derived from the discussion of two quadrati 
forms. ‘The kinematical view of the theory, however, has been develop: 
at some length. 

The number of problems, about seven hundred, is noti 


2 


such a treatise as this, and not only do they furnish direct applications 
formulas, but they also constitute extensions of the theory The | 
presents a most attractive appearance It is a pleasure to turn the pages 
and note the results obtained by graceful type, well-balanced spacing, and 
carefully drawn diagrams. H. E. C 


Exercises in Geometry, by Grace L. Edgett, Beverly, Mass. Pp. 81 1909 
D. C. Heath and Company. 

This little book is a collection of eight hundred and nineteen exercises, 
in part taken from text-books and in part evolved in the author's class 
room. They are arranged in sixty-one groups, and are in the nature of an 
appendix to the Harvard “Syllabus of Propositions in Geometry.” About 
one-third of the exercises are numerical. H. E. C. 


The Teaching Botanist, by William F. Ganong, Professor of Botany in 
Smith College. Second Edition. XI+439 pages. 40 cuts. Price, 
$1.25, net. The Macmillan Company, New York. 

This second edition of a widely known and highly useful handbook for 
teachers of botany is decidedly improved. It contains more than one and 

a half times as much matter as the earlier book, and handles the topics 
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An essentially sane, practical textbook planned with careful attention to 
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training the student to express a problem in terms of algebraic symbols. It 
is a thoroughly modern book meeting every demand for a beginner’s algebra. 


**My first impression is one of astonishment at the extreme simplicity 
of Hawkes, Luby and Touton’s Algebra. The old algebras have been far 
too technical for high school pupils.”°—E. L. Menpennart, Superintendent 
High School, Delphos, Ohio. 

**Your ‘First Course in Algebra,’ by Hawkes, Luby and Touton, has 
been received and examined with interest by me. I like the illustration of 
cancellation and the references made to great mathematicians. The whole 
seems to be stated in a way suited to our first-year students, and the care 
taken to refer back to arithmetic and forward to geometry is very com- 





mendable.’’—Apa M. Rownp, Technical High School, Providence, R. I. 
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treated with a grasp even more assured than was manifest in the first 


edition To the majority of teachers the most novel and interesting portion 
of the book is that comprised in the “Chapters on Subjects Important 


Botanical Education” of Part I Here are found answers to the quest 
why botany should be studied, what kind of botany should be studied, 

the teachel should be trained, what methods he should use. Botani 
laboratories and collections ar irefully discussed and a detailed bil 2 
raphy of botanical works especially useful to teachers is given, aft 
good accoul of the classes of botanical works, their scope and 

Not the least useful of the « pters of Part I is that on “Some Cor 
Errors Pre licial to Good B nis reaching.” 

Part Il gives detailed directions for a one-year cours¢ tar 
prising first the study of the structure and functions of plants and then 
natural history and classification of the groups of plants. The outline is 
eminently workable, the outcome of much experience in teaching t sul 
to somewhat mature beginners. Nothing is recommended on hearsa I 
portion of the course which wi e found most suggestive by teachers in 
general is that which relates to nt physiology as a laboratory subject 
To the reviewer this seems a most valuable feature of the book, since t 
tendency was for too long to look askance at plant physiology as ov: 
difficult for the beginner in bota And yet it hardly requires any arg 
ment to show that plant study wit t a considerable infusion of physiolog 
is no better than the study of | man body with the attention mail 
given, let us say, to osteolog) yology, with some excursions 


ethnology. 


On the whole the book is on 1 no instructor in elementary 
ean afford to do without . ¥. 
1 High School Course in Physics, by Frederick R. Gorton, Ph.D. Associat 
Professor of Physics, Michiac State Normal College. Svo.. 480 pp. 
D. Appleton & Co. 1910 
In this new text in physics, Professor Gorton has developed an admirable, 
well-balanced treatment of the subject It contains twenty-one chapters 
arranged as follows: eight in mechanics, two in sound, two in heat, three in 
light, and six in magnetism and electricity. The position of heat is unusua 
being placed between sound and light; while magnetism appears between 


static and current electricity. 
The pre face states: “In the present ition of demonstration ex 


the author has described as simple and inexpensive apparatus as he 
found to be consistent with satisfactory results.” “As an aid to the pupil 
and to the teacher in conducting rapid drill exercises, a summary of the 
contents of each chapter is presented at its conclusion.” Twenty portraits, 
with brief biographies of “many of the great men of science,” are included 
“as an important factor in creating an atmosphere of human interest 
around the subject.” 

There are 583 problems and exercises arranged in 71 groups. They are 
direct and practical. “Illustrative solutions of problems and suggestions 
have been given wherever difficulties have been found to arise.’ This helpful 
feature has been carried out more thoroughly than in other recent texts. 

The book is well illustrated, containing 411 diagrams and figures. In 
compiling the subject-matter the author has given careful attention to the 
various topics recommended by the Committee of Secondary School Teachers 
to the College Entrance Examination Board. 

The text deserves careful consideration. It is comprehensive, simple in 
style, contains numerous illustrations of the topics and principles presented 
and from a pedagogical standpoint gives promise of being a very satisfactory 
text in high school physics. W.E.T. 
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Tillers of the Ground, by Marion I. Newbrigen of the Edinburg School of 
Medicine, published by Macmillan and Company, London. pp. 224. 
Price, 50 cents. 

Tillers of the Ground attempts a descriptive statement regarding some 
important agricultural topics. It is in no sense a laboratory guide or 
greatly broaden the horizon of those who are interested in applied science. 
Some of the chapter headings suggest the scope of the book: Primitive 
Tillers of the Ground, Reclaiming the Desert, The Spreading of Food-Plants, 
Introducing Dates into North America, Improving Cultivated Plants, The 
Struggle with Disease, Plant Food and Utilization of the Soil, The Gains 


text-book, but contains excellent discussions of topics such as should 


that Knowledge has Brought, etc. 

The discussion of The Utilization of the Soil well illustrates the author's 
treatment of topics. After a brief statement of the necessity of a study 
of soil in its relation to agricultural plants, the author limits himself to 
the problem of nitrogen supply in agricultural soils. He reviews Liebig’s 
experiments and his conclusions that since in burning plants the ammonia 
and carbon dioxide pass into the air, living plants, therefore, can again 
secure their carbon dioxide and nitrogen compounds from the air. According 
to Liebig, mineral salts exclusive of nitrogen compounds must be supplied 
to the soil, and these Liebig claimed could best be supplied by means of 
mineral fertilizers rather than manure. Liebig was wrong regarding nitro- 
gen, but did make a great contribution in teaching agriculturists the use of 
mineral fertilizers 


Boussingault then in long series of experiments tried to find if plants 
growing in water and air could take nitrogen from the air. He concluded 
that they cannot This work was followed by Lawes and Gilbert (1860), 
who worked on the famous farn t Rothamsted, England, and who als 


concluded that plants cannot tak rogen from the air. Their experiments 


with the pea family, resulting in nelusion that no nitrogen is t 
from the air at the same tim gave interesting results, since under tl 
conditions of the experiments (sterile soil) their plants did not grow 

In 1876 Berthelot in France pointed out that soil bacteria may secure 
nitrogen from the air, though he merely suggested the possibilit: 
relation of this fact to agriculture In 1886 the German scientist, Hell: 
gel, reported his experiments showing lusively that soil bacteria and the 
tubercles on roots of members of the pea family are factors in securing 
nitrogen supply from the air 

Although this chapter does not include recent important results in 
country relative to agricultural soils, it does present an interesting 
authentic account of the soil-nitrogen problem. Other chapters are similarly 


interesting and important. O. W. C. 


Geometry for Beginners, by C. Godfrey, M.A., Head Master of the Roya 
Naval College, Osborne, and A. W. Siddons, M.A., Assistant Master 
at Harrow School. Pp. 79. Price, 1 s. 1910. Cambridge, at th 

University Press. 
This book follows quite closely the recommendations of ti 
Circular on the Teaching of Geometry (and Graphic Algebra) 


1e Board of 


Education 
in Secondary Schools, 1909. The main conclusions of the Board are well 
worth recording here “The teaching of elementary geometry should be in 
three stages 

“First Stage. Introductory practical work concerned with the fundamental 
concepts, and not primarily designed to give facility in using instruments. 

“Second Stage. Experimental work leading up to the discovery of the 
fundamental facts of geometry; including angles at a point, parallels, 


angles of a triangle and polygon, congruent triangles. 
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“Third Stage. The rigid deductive development of the subsequent proposi- 


tions on lines that are now fami 


“It is recommended that thé 


lal 


fundamental facts discovered in the Second 


Stage shall not be treated as theorems to be proved deductively. In support 


of this view it is argued (1) thi 


present more difficulties and a1 


it the deductive proofs of these propositions 


— nrnr ; 
] roposl 


less persuasive than the proofs o 


tions that follow; (2) that difficulties of sequence are for the most part 


confined to thes propositions ; 


(3) that, in the experience of the Board, 


subsequent work is better in those schools where these fundamental proposi- 


tions are dealt with more rap 


those on which all the subse 


thing in regard to them is not 


minimum number of axio! 


method), but to present them 


and real to the pupils as the diffe 


t+ A 


ness of vision and apprehensior 


his right hand and his 


logical value, and avenges its¢ 
to haziness or lack of grasp of 


laboriously “proved” !’” 


Teachers of geometry w fond 


book. It contains 470 exercise 
and figures This method 
is proving its value wherev 


rather slowly in this country 


Plane Trigonometry, by Fletche 
Vathematics, The Lawr: 
+133 pages of tables ] 
New York. 

The new lteatures ol thi 
history of gonometry, 
appropriate examples for eacl 


; 


work in the solution of triar 


designing room in the United St 


to bring out the fundament 
principles presented rhe fund 
is frequent \ emphasized 


economy or new powel \ j 


There is a large number of n« 


of the usual identities, 
presented clearly; and it seen 
understanding of the subject 


well, and in all respects i 


First Course in Aleebra. by He 
Columbia T iversity, for 
Yale lniwersity. and V 
Wathematics, Central High 
$1.00. 1910. Ginn & Co 

It has been the aim of the 


1. 
School, Kansas City, Mo. 


needs and abilities of high schoo 


presentation of traditional mate1 


of the newer ideas in the field of 
text-book, and may represent the first stage in the development of greater 


efficiency in algebra teaching 


lly. “These fundamental propositions are 
uent deduction depends, and the essential 
to analyze them and reduce them to the 
rather, postulates (which is Euclid’s 
such a way that their truth is as obvious 
rence between white and black, or between 
process which interferes with this direct- 
is vicious, whatever claim it may have to 
gross mistakes in subsequent work, 
fundamenta] facts which have been so 
nany valuable suggestions in this little 
nd there is a large number of drawings 
pproach to formal demonstrative geometry 


s used, even though it is being adopted 


Durell, Ph.D., Head of the Department at 
lle S hool, Lau rence ille. a. oe Pp 184 


$1.25 1910. Chas. E. Merrill ¢ 
’ ap ‘ 9 ‘ 
nd tables g 
ie arrangement of ( 
n the form of tabulation 
tes Navy Department 
ncipal object in writing t book 


ities which underlie and grow 


ental source of new power in trigonomet1 
ba 

vy problems and applications, and full lists 
ions, and equations. The principles are 
if the student would obtain ;: thoroug 
publisher has done his part of the work 


tractive book. H. E. ¢ 
rt EF. Hawkes, Professor of Mathematics 


ly Assistant Professor of Mathematics at 
Luby and F. C. Touton, Instructors in 
Pp. 334. Pri 
ithors to make an algebra suited to the 
boys and girls by a careful selection and 
ind methods, with a judicious admixturs 


algebra. It may safely be called a sensible 
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ADOPTIONS : COMMENTS : 

11 Bostou High Schools — Some thing of res al value to High School pupils 
All Secondary Schools of Latter-Day Saints —FEdwa Elliott. Prot ~~ ~ Education 
Lewis Institute, Chicago, Ill la soes it of Wisconsin. ’ 
LaSalle, Ill., Township H.S 

Ottawa, “ ‘ she Practical because it is full of usefu? problems.— 
Clyde, ~“ f we L. Wayland Dowling, Asst. Professor of Mathe 
Lexington, ; : matics, Untversity of Wisconsin. 

Marietta, Ohio 

Cheney, Wash., State Normal. A student will never need to ask the use of 
Ashland, Wis., High School Geometry or to regret that he is spending his 
Shattuck School, Faribault, Minn time on some dead science.—Charies Leckrone 
Flathead County High School, Kalispell, Montana Vanual Training School, Saint Louis, M ure 
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IV: The application of Geometry to the solution of practical problems. 
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There is an abundant supply of problems, and they are of excellent type 
, The large number of problems based on geometrical and physical ideas 
furnish to some extent the desirable correlation with physics and geometry. 


It would seem as if the graph might have been introduced earlier and 


advantage within the limits of the conservatism that cha 


used to good 


terizes the book 


The historical and biograp il notes are given with sufficient fullness to 
give the pupils some idea of the w in which algebra has developed. The 
full page portraits of the me ive contributed largely to the develop 
ment of elementary algebra is a new feature. H. B.C. 


Man in Many Lands: An Introduction to the Study of Geographic Control, 
by L. WwW. Lude. University Colledge. London. 1S84 pages Illustrat 


65 cents, net Macmillan Company, New York. 

An interesting little book which the author wrote from a mass of inforn 
tion in the form of questions which he gathered while acting as 
examiner in geography for various examining bodies He has endeavored 
to answer these questions by putting into print a consecutive series 
of very readable answers It is a book that anyone may _ read 
with interest and profit The twenty-four illustrations are done in color 
in harmony with the scenes from which they were taken. There are eleven 
chapters, in which something of importance is said concerning practica 
every country on the earth It is an epitomized history of the globe in 
tabloid form The index is incomplete, as the book is primarily 
school use and not for reference CHS 


What to Do at Recess, by George E. Johnson, Superintendent of Play 
grounds, Park and Vacation Schools, Pittsburg. 12mo., cloth; pages 
Price, 25 cents. Ginn & Company, Boston, Chicago. 

In order that a child get the most out of his school life, it is just as 
necessary that he be tanght how and what to play as it is to be drilled in 
those things which are taught from books. The author of this fine little 


estions as to hovw 


work has put into condensed form many helpful sugg 
manage and interest the boy and girl when they are not actively engaged 
with their books. In fact, it more than frequently happens that the boy 
and girl coming fresh from some game have a better relish for the things 
they are to study in books. The up-to-date teacher of primary and inter- 
mediate grades must not only know how to impart book knowledge but must 
be able to amuse and entertain the children at play; by so doing their influ- 
ence for good on the youngsters will be greatly enhanced. Teachers of all 
grades below the high school should purchase and make use of this little 


book. Cc. H. 8 


The Building and Care of the Body, by C. N. Millard, Supervieor of Gram- 
mar Grades, Buffalo, N. Y., Public Schools. Pages XI+235:; illus- 
trated; 13x19 cm.; cloth; 40 cents, net. The Macmillan Company, 
New York. 

A book which is clear, readable, concise, and to the point. It is primarily 
for use in the grades below the high school, contains and treats of those 
subjects which every boy and girl should know about. The gist of the 
book is teaching the young pupil that the development of a strong, healthy 
body should be the chief aim of our schools. That unwise habits of eating, 
uncleanliness, and vile hebits with certain organs of the body are in many, 
many cases the cause of the undermining of one’s health. That, on the 
other hand, the proper care of the body as to breathing, exercise, rest, proper 
food, and freedom from evil habits are very important factors in securing 
and preserving the health. The author does not say thou shalt or thou 




















Automatic Self-Winding 
Program 


and 


Secondary 


— CLOCKS 


Ks? W7 
SY 
4 

se n> THE IDEAL TIME AND SIGNAL 
SYSTEM FOR SCHOOLS 


| ° cB COOK ELECTRIC CO. 






































mS 


a 








o— 























me 745 So. Spring St., Los Angeles, Cal. 
eee aera | 
NIT Sole Agents of the Fred Frick Clock Co., for the entire 
Pacific Slope. 


Scientific Apparatus, Manual Training Supplies, Complete 
Laboratory Equipment 




















The Wm. Gaertner Co., Chicago 
THE GAERTNER HIGH SCHOOL GALVANOMETER 


This instrument is a new and greatly improved form of 
the inexpensive galvanometer originally designed for the 
Millikan & Gale Course. The improved instrument is 
easily equivalent in sensitiveness, convenience and dura- 
bility; in fact, in all the essential characteristics of a good 
galvanometer, to any $4.00, $6.00 or even $10.00 instru- 
ment of its kind now in the market. 


The Improvements consist in: 


1. The Suspension—made both above and below of phos- 
phor bronze as in high grade instruments, thus dispensing 
with all loose wires and making it possible to place the 
binding posts in a convenient position. 

2. The Closed Top—making a dust-proof case. 

3. The Torsion Head—adjustable up and down so that 
the coil may be locked and the instrument easily and safe- 
ly transported. 

4. The Lever on the Torsion Head—making possible an 
accurate and convenient zero setting. 

5. The Soft Iron Core—giving a much stronger field and 
a greatly increased sensitiveness. 

6. The Inclined Scale—increasing greatly the conven- 
ience of reading, either for a single individual or for a 
class. 

7. The Leveling Screws—greatly increasing the conven- | 


ience of centering. 
Price $2.50 
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shalt not do this or that, but, on the other hand, in a splendid manner tries 
to convince the pupil that he will be more successful in work or play, better 
looking, more useful and better all around if he carries out the principles 
mentioned in the book. Strong emphasis is made to impress the pupil with 
the inestimable value to the body of the eyes, ears and teeth, and states 
clearly the manner in which these organs should be cared for. The illustra- 
tions are many and well selected. There are thirty-nine chapters, each 
having near the close a paragraph on “points for special study.” Each 
chapter closes with a list of questions to be answered, which are suggested 
by the topics discussed in it. The important paragraphs begin with heavy 
bold-face type, the body of the book being printed in large, clear type 
There is a glossary of four pages, as well as a complete index. It is one 
of the best books on the subject ever published, and doubtless will have a 
large sale. C. H. 8. 


Blementary Cabinet Work, by Frank H. Selden, State Normal School, 
Valley City, N. D. Pages 278; 13x17 cm. Rand, McNally & Co., 
Chicago. 

To one interested in manual training, either as a layman or teacher, this 
book will be an inspiration. The author is a past master at instruction 
in the art of constructing anything from wood in the cabinet or furniture 
line. It is illustrated with 288 drawings and half-tones, many of th 
latter being taken from finished work and from pupils in actual work 
when a principle is to be illustrated The drawings are all dimensio 
The purpose of the book is to make clear by means of definite directions 
the fundamental principles of furniture making. A good working know] 





of the use of tools in cabinet work is absolutely necessary before one w 
be able to carry out the principles discussed in the work. The book is 
divided into three parts. Part I 1 ts of the general directions for cabinet 
work, telling how to apply the principles of wood working with which t 
person must already be familia Part II describes and tells about ss 
examples of furniture construction which have been actually work« 
and which lie within the al t person to make Part III des« 
several special tools used kind of construction, as é as zg ng 
descriptions of different way n which cabinet work may be fir 
There is a complete index of for ges. The type is large and 
making the book easily ré in paragraphs begin w f 
type Mechanically, the bool made and will stand har sage 
All persons interested in cabinet work should own a co} 

( Hy. S 


The Car f Trees in Lau Street and Park, by Bernhard EF. Ferno 
University of Toront X-+392 pages. Lllustrated. Henry Holt and 
Company, New York 


People interested in the development, growth and cultivation of trees and 


shrubs in country, city and park will welcome to their libraries this 
splendid volume No one is better qualified to write a book of this character 
than this author, who is the foremost forester of North America. It is 


intended primarily for amateur planters of trees and is written in such a 


comprehensive manner that he cannot help but secure much yaluable in- 


formation which will enable him to better care for his plants; at the same 


time broadening his knowledge of tree culture so that he will have a more 
profound respect for those who are experts in caring for trees, going to 
them for advice when coming against questions and conditions which he is 
unable to solve. 

Chapter II relates to structure and life of trees, discusses the growth 
and form development, physiological and ecological points, as well as the 

















— 

















Storage Batteries 


Y special ar- 


rangement with 


School World 


A Meathly Magasine of Educational Work 
and Progress 


Price | 6d monthly Yearly Volumes 7/ 6 Net each the makers, we of- 
fer the “Chloride 


Accumulator” to 
































ied ee oO our scientific friends 
to provide teachers with information 5 
of practical and permanent value. To — at factory prices. J 
this end all important changes and de- All who have use § ise : 
velopments affecting any branch of educa- ‘ ’ Ze - 
tion are dealt with by leading educational for storage batteries $ to ' 
: » ° = 
authorities and experienced teachers. should write for special Zea 
@ Each issue contains Eighty Columns ar Hn ge 
of Reading Matter. catalog, which will be 
@ The magazine ‘is indispensable to all mailed free upon re- 
educational workers who desire to keep in 
touch with modern methods of education quest. 
LONDON Electrical and Scientific Instruments 
MACMILLAN AND CO., Limited 1114 Chechens ahiess 
NEW YORK: THE MACMILLAN COMPANY PHILADELPHIA 
> 

















Die Zeitsebrift fur den pbysikalischen 
und chemischen Cnterricht 


Edited by Prof. Dr. F. Poske in Berlin, in collaboration with Prof. Dr. 
Ernst Mach in Vienna, and established by Dr. B. 


Schwalbe in Berlin, 


y 


Is the only European magazine which can be called the “ Central 
Organ ” for all progress in the teaching of Physics and Chemistry. 

Apparatuses and Experiments especially are described in great 
numbers, for University demonstrations as well as for laboratory 
practice, and for instruction in all schools, which are limited to 
experiments calling for simple equipment. Practical hints and sug- 
gestions are a regular part of the contents. 

The magazine also contains articles about the important news in 
science and in teaching as well as about historic research and tech- 
nology. Every yearly series contains a number of astronomical 
charts on which the course of the moving constellations for the 
current year, is represented. 

Yearly six handsomely illustrated volumes of 8 sheets 4°, appear. 
The price of a yearly subscription is 12 Mark, or post paid 13 M 50 pp 
for foreign countries. 

Sample copies sent free upon request. 


JULIUS SPRINGER, Publisher .--y Monbijouplatz 3, N., Berlin 





Please mention School Science and Mathematics when answering advertisements. 











” OOS SCHOOL SCIBNCE AND MATHEMATICS 


recuperative capacity. Chapter III speaks of diseases and death of trees, 

while Chapter IV is devoted to the diagnosing of diseases from different , 
points of view Chapter V treats of the control of physiological diseases 
and treatment of mechanical injuries. In Chapter VI the control of para 
sites is thoroughly discussed Chapter VII is devoted to the care in | 
planting, while the last two chapters deal with esthetic forestry and choice } 
of plant material, respectively lwo pages are devcted to a list of texts 

on subjects kindred to this \ very complete index of sixteen pages is 

appended. The subjects for illustration by cuts and drawings show judg 

ment in their selection, all being well executed. The body of the book 

printed in clear ten-point type The mechanical work is of the highes 

quality C. o. 8 


] he Ki olution of Fore ea, hu Dr. Ciustarve Le Bon, Ve mber de ] *"4eadén 
Royale de Belgique XV+388 pages, with 42 figures; 13x19 
1) \ppleton and ¢ ompany New York 


This is a magnificent volume, in which the author still further describes 
his theories advanced in L’Evolution de la Matiére It is a book 
ought to be read and studied by everyone interested in physics, as 
doing he is brought in touch with those theories which are being invest 
gated by the authorities in this subject in Europe 

The book consists of two parts he first, of 99 pages, is headed, “J 
New Principles;” the second, of 289 pages, “The Problems of Physics 
Part I is divided into four books and Part II into five books. The b 

re still further subdivided into chapters. There is no better way to g 
the contents of the work before the mind of the reader of this review t 
to give the titles of the chapters They are as follows Present Anat 
of Science; The New Doctrine rime, Space, Matter, and Fore G 
Constants of the Universe Resistance and Movement: Building Up o 
Forces and the Mechanical Explanations of the Universe: Monistic Con 
ception of Forces and the Theor 1f the Conservation of Energy: En 
getical Explanation of Phenomena: Degradation of Energy: Individualiza 
tion of Forces and the Suppos« rransformations of Energy; Changes of 


Equilibria of Matter and the Ether Origin of Forces; Origin of Mat 
and Universal Forces; Vanishing of Energy and End of Our Universs 
Dematerialization of Matter and the Problems of Electricity: Genesis 
Current Ideas on Relations of Electricity and Matter: Transformations 
Matter into Electricity; Problems of Magnetism, Magnetic Induction 
Lines of Force; Electric Waves Transparency of Matter to Elect: 
Waves; Different Forms of Electricity and Their Origin: Problems o 
Heat; Transformation of Material Movements into Ethercal Vibrations and 


f 


Radiant Heat; Transformation of Matter into Light; Dematerialization 
Matter by Light; Phosphors scence Produced by Light, Heat and from Othe1 
Causes; Causes of Phosphorescence Invisible Phosphorescence; Infra-red 
Rays and Photography through Opaque Bodies; Part Played by the Various 
fuminous Radiations in Vital Phenomena; Antagonistic Properties of Soi 
Regions of the Spectrum; Universal Gravitation and Hidden Forces 
Molecular and Intra-atomic Forces; Forces Manifested by Living Beings 

The book possesses the highest degree of merit, and how well the Fren 9 
appre iate it is shown by the fact that eight editions of 1.000 copies f 
were exhausted before it appeared in English 

The book on Black Light, or the invisible radiations given off by certai 
phosphorescent bodies, is timely and interesting. It is well for the scienc 
that such men as LeBon are investigating in these fields, as all there is to 
be known concerning the phenomena connected with radiations has not yet 


been discovered 


There is a complete index of subjects, as well as one of names It is a 
book which should have a large sal C. H. S 








